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Executive Summary 

The present document presents Deliverable D3.1 “Living Lab Belgium Set Up and Quick win 

pilots V3” in the framework of the FOREMAST project entitled “Freight vOlumes transfer from 

Road to waterborne transport, using zero-EMission, Automated, Small, and flexible vessel 

protoTypes”.  

The FOREMAST project allows OHB to develop and test in the Living Lab (LL) Belgium 

sustainable small vessel solutions for urban and intra-urban transport of goods in the Ghent 

region.  

Although inland shipping plays a vital role in promoting the modal shift from road to water 

transport, the sector is facing challenges due to an aging workforce and increasing difficulty 

in attracting new personnel. 

A lack of skippers and sailors is the biggest bottleneck for the growth of inland shipping. There 

are currently around 20.000 working in inland shipping. Frans van Weert of the world of inland 

shipping calculates that due to aging and the growth ambitions around the Modal Shift, 

another 20.000 people are needed to keep the sector running [1]. According to figures from 

Eurostat, there were 5,486 inland shipping companies active in Europe in 2020 (EU-27 Plus 

Bosnia-Herzegovina, Serbia and Switzerland). The number of people employed in freight 

transport consists of self -employed people, helping family members and employees. In 2020 

this number was a total of 22,417 people [2]. Due to the large shortage of skippers and the 

relapse of intake to the skipper's training courses for inland shipping, other solutions for 

vessel management should be explored, that require fewer staff on the one hand and continue 

to focus on Modal Shift of goods from the road to water transport on the other. 

In LL1, various new systems are tested in collaboration with specialized partners, where many 

new technologies can contribute to a better insight and adjustments in a real-life setting. 

However, there are a lot of things to be tested in an urban environment. On the one hand, this 

is very difficult because there is a lot of recreation on the water in an urban environment such 

as Ghent. On the other hand, the test environment is so diverse that the elaborate equipment 

and concepts of a very high TRL level must be able to function safely. 
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1. Introduction 

1.1. LL High Level Implementation Plan & Preparation 

The Set Up plan is the elaboration of a high life implementation plan that will be elaborated in 

the coming project period. Together with all partners involved, we are committed to a 

constructive collaboration. This report is mainly a technical elaboration of high-level 

objectives and aspirations that are divided over the 3 Living Labs (LLs). 

In LL1, Belgium, we will develop and test a sustainable SFAZ vessel solution for urban and 

intra-urban transport of goods in the Ghent-Flanders regions, retrofitting an urban vessel. 

LL2, France, will develop and test an innovative catamaran vessels design and prototype, 

reflecting the SFAZ concept for urban and intra-urban transport of goods in Caen and Le Havre 

(Region Normandy) utilising the NEAC platform. 

LL3, Romania, will develop an optimised SFAZ concept, addressing the specific inland and 

Black Sea coastal navigation areas in South-Eastern Romania comprising the waterway 

system that connects several cities and the Danube Delta’s network of shallow canals. The 

environmental research vessel Rexdan will be used for data-driven modelling and selective 

testing of Foremast innovations with a focus on transferability. 

Many innovations are to be developed and tested in a real-life environment in the 3 living labs 

around various themes such as remote control of sailing, automation of vessels, platooning, 

etc. 

  



1.2. Mapping of FOREMAST outputs 

Table 2 Adherence to FOREMAST Grant Agreement deliverable and work description 

FOREMAST 
GA 

Component 
Title 

FOREMAST GA 
Component Outline 

Respective Document 
Chapter(s) 

Justification 

DELIVERABLE 

D3.1 Living 
Lab Belgium 

LL set-up and 
configuration and 
quick wins pilots (v1) 

All chapters The goal of this document is to define the LL test environment and 
define the tests to end up with the innovative results in the field of 
remote-control sailing and energy supply. Use cases will be defined 

(Sub)Tasks 

T3.3  
 

L1: Living Lab Belgium 
– Avatar retrofitting & 
testing - Ghent  

 

all The deliverable comprehensively addresses the setup and initial 
implementation of LL1. Chapter 1 introduces the implementation plan 
and LL strategy; Chapter 2 provides the geographical, regulatory, and 
logistical context; Chapter 3 covers the Digital Twin as a central 
integration and monitoring tool. Chapter 4 presents the technical 
innovations and detailed plans for automation, mooring, platooning, 
energy solutions, and smart navigation. Chapter 5 discusses the 
development of innovative business models, and Chapter 6 defines 
KPIs for logistics cost, emissions, and modal shift. 

ST3.1.1 
 

LL1 Setup Chapters 1,2,3,4 and 6 These chapters present the foundational setup of LL1, including 
partners coordination, asset configuration (AVATAR retrofitting), Digital 
Twin integration, and KPI planning. Chapter 1 outlines the high-level 
implementation plan, while Chapter 2 describes the operational and 
geographical context of LL1. Chapters 3 and 4 detail the technical 
infrastructure and preparatory simulations. Chapter 4 also introduces 
energy solution strategies (battery, hydrogen), and Chapter 6 outlines 
the KPI targets aligned with GA objectives. 
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ST3.1.2 

 

LL1 Execution Chapter 3 & 4 This deliverable provides detailed test plans and methodologies across 
several innovations. Execution relies on the live Digital-Twin platform in 
Chapter 3 for real-time monitoring, simulation and decision support, 
while Chapter 4 presents a comprehensive manoeuvring test protocol 
(including acceleration, turning, zigzag, stopping). It outlines 
methodologies for platooning, mixed traffic safety simulations, and 
automated mooring. Chapter 4 also elaborates on smart navigation 
systems and energy innovation tests (e.g. floating batteries, H2 fuel 
cells), setting the stage for ST3.1.2 execution. 

ST3.1.3 
 

LL1 Results Collection, 
validation and 
evaluation 

Chapter 5, 6 Results collection and validation activities have not yet commenced at 
this stage of the project. These will be reported in a subsequent 
deliverable. Chapter 5 discusses the development of innovative 
business models. Chapter 6 outlines the KPI measurement framework 
that will underpin future evaluation activities. 



In order to define the innovative concepts of SFAZ, an initial survey of the state of the art on 

topics relevant to FOREMAST has been performed, as shown in Figure 1. These topics are 

considered in the project’s innovative outputs and solutions. The topics highlighted in red are 

the most important FOREMAST focus areas and will be further analysed in detail in the 

following sections.  

 

Figure 1 Maritime Autonomous Surface Ships - Research areas 

The innovative concepts are defined in the Objective 1 of the project; to undertake 

technoeconomic analysis of Small Flexible Automated Zero-emission (SFAZ) vessels in 

competitive smart green transport networks considering:  

(i) market modal choice criteria and customer behaviour towards Class I/II vessel-

based logistics networks; 

(ii) impactful business application scenarios reflecting LL use cases and data;  

(iii) technology advancements and further opportunities in automation;  

(iv) regulatory and safety aspects.  

For the Living Lab 1 Belgium, Objective 3 is relevant to test and demonstrate the SFAZ vessel 

concept by retrofitting Class I/II inland vessels with the successfully verified research outputs 

of GNC, and hybrid energy management solutions (electric/hydrogen), demonstrating them in 

a restricted inland waterway area.  

Living Lab 1 Belgium will validate a small zero-emission automated vessel concept which can 

support shift cargo from road to water, quantify and assess the reduced costs and emissions 

and stronger intra- and intermodal competitiveness of waterborne transport. It will also 

contribute to the development of business models that benefit from a high degree of 

automation and digitalisation. LL1 will deliver information from the concept and testing 

results to the T3.5 Structure of FOREMAST technology blueprints led by Inlecom. 
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2. Description of the Living Lab 1 

2.1. Living Lab 1 Context 

LL 1 is composed of a city and the harbour North Sea Port. Ghent is crossed by two TEN-T 

Corridors (North Sea/Alpine and North Sea/Baltic). The Flemish waterways are shown in 

Figure 2. 

 

 

Figure 2 Map of the Flemish waterways 

Ghent is a medium-sized medieval European city surrounded by an inner ring (R40) and an 

outer ring (R4). In the historic centre, Ghent has a pedestrian area of 2 km². The municipality 

has invested much efforts to green the city including modal shift as a cornerstone in Ghent’s 

SUMP 2014 and in 2019, a LEZ (inner ring R40) and a “Vision for the Use of Water in the City” 

(see Figure 3) which focuses on developing the use of waterways for freight transport. Ghent 

aims to be climate neutral by 2050 and is now implementing its 3rd “Climate Action Plan” and 

its “Action plan for Sustainable Urban Freight” (due in 2022). This is a pre-SULP-initiative, as 

Ghent aims to focus on reducing freight by load optimisation and zero-emission transport. 

Ghent's water levels are carefully regulated by a network of lock complexes, ensuring stability 

and flood protection. The city's waterways are divided into three main areas: the northern area 

(4.45m TAW), the southern area (5.61m TAW), and the southeastern basin, which connects to 

the tidal Scheldt. Seven lock complexes, including Brusselsepoort, Sint Jorissluis, and 

Merelbeke, control water levels between these zones. Additional protective infrastructure, 

such as floodgates and selective lock closures, further shields the city centre. This well-

managed system has safeguarded Ghent from flooding for decades. 



 

15    
 

  
(a): Overview locks system to control the 

water level in Ghent 
(b): Overview water tides rivers in Ghent 

 
Figure 3 Maps of Ghent waterways 

Ghent's water management vision emphasizes the need to "increase the sponge effect" to 

address growing urbanization and climate change impacts. Simply preserving existing water 

spaces is insufficient, as paving in Flanders is expected to double by 2050, reducing rainwater 

infiltration and increasing flood risks. To enhance the city's resilience, creating additional 

water space is essential. 

2.2. Living Lab 1 Challenges 

Waterway transportation emits three times less CO2 than road transport, as investigated in 

the Interreg project Smart track for Waterways (ST4W) [3]. Transport by barge is 

predominantly used for big volumes, as a barge replaces a lot of trucks. The project explores 

the potential of shifting palletized freight from road to inland waterway transport for intra-

urban and urban logistics, with a focus on identifying enablers, barriers, and practical solutions 

for wider adoption. Additionally, efficient and low-cost communications tools are essential to 

ensure cargo consolidation. At present, there are no dedicated IT tools for waterway 

transportation which is critical, especially as 85% of European river freight is concentrated in 

NWE territory.  

Organizing transport via IW allows to set up a Synchromodal Logistic Flow where pre- and 

post-deliveries are needed to the loading place from the warehouse of the carrier and from 

the quay to the final destination in the city. These extra movements cost more time and money 

for the end customer, so they usually opt for road transport. In a city like Ghent, the transport 

of goods is limited by a number of rules, which stimulates the switch to water transport, which 

is for the time being insufficient to bring about the clear shift from road to water transport. 
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Another challenge is the large share of recreational use of the waterways that stands in the 

way of commercial use. In the summer there are dozens of leisure crafts on the water, next to 

kayaks, SUPs, rental ships, mostly governed by inexperienced users. This makes it difficult to 

perform tests with remote control, sailing and platooning during the summer months in the 

normal urban environment so quieter waterways were used. 

Finally, there is the lack of regulations concerning automated sailing in general and in urban 

environment in particular. The water authority, however, has allowed since 2018 the testing of 

Remote Control Sailing and automated sailing on the 1,000 km of watercourses in Flanders. 

This will be further developed later in the project.  document. 

2.3. Simulation Testing Environment 

Inland navigation plays a crucial part in achieving policy objectives and being on course for 

net-zero emissions by 2050 by shifting a significant share of freight transport to inland 

waterways. The authorities are working towards developing inland navigation along the Trans-

European Transport Network (TEN-T) for both long-distance and short-distance transport and 

urban areas. For urban logistics in particular, making the last mile more sustainable and 

finding solutions to traffic congestion is important. 

In addition, CEMT classes I to III vessels are being used less frequently and inland waterways 

of CEMT Class III and smaller are being dropped from the logistics system. As alternatives 

become scarce and parts of the network remain unused, the transport network’s robustness 

is undermined. Additionally, the growing shortage of skippers and crew members in inland 

navigation may also cause problems in the sector in the future, negatively affecting its 

competitiveness in the logistics chain. 

Therefore, digitalisation and automation play a vital role in devising solutions and achieving 

the goals of the European Green Deal. In this context, experimenting with innovative solutions, 

such as autonomous ships, is essential to meet the challenges inland navigation faces. De 

Vlaamse Waterweg nv (the autonomous agency of the Government of Flanders responsible 

for the inland waterways of the Flemish Region) recognizes this need and is willing to play an 

active role by providing (administrative) support for experiments and facilitating living labs for 

autonomous ships. This partnership between the government and the inland waterway sector 

is crucial for realizing the transition to a more efficient and sustainable transport system that 

exploits the full potential of our waterways. 

To achieve a safe, reliable, efficient, sustainable and smart waterway network, the Smart 

Shipping program of De Vlaamse Waterweg focuses on four main pillars [4]: 

• Smart ships: These are vessels with a minimal form of automation on board. The 

degree of automation is irrelevant. However, all automated vessels must guarantee 

the same minimum level of safety as a conventional vessel. 

• Smart infrastructure: This refers to highly automated and remotely operated 

waterway infrastructure. The interaction between the infrastructure and ships is 

digital to ensure a smooth, safe and efficient traffic flow.  
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• Smart communication: This refers to data sharing, as part of a smart, smooth and 

flexible process in which all communication between the authorities and waterway 

users is digitised and takes place according to internationally standardized 

procedures. 

• Smart regulation: De Vlaamse Waterweg nv aims to use the results of Flemish pilot 

projects for international lobbying and the harmonisation of regulations regarding 

automated and remotely operated vessels, with safety being a priority at all times. 

The aim is to connect with the guidelines of the Water Authority in LL Belgium and also to 

share the results of the various studies and pilots with them to achieve a better understanding 

of future challenges. 
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3. Relevance to the Foremast Project 

Just as it for LL 2 France and LL 3 Romania, blueprints will be sent to Inlecom in M33. 

The project will be built upon multidisciplinary R&I approaches for ship design and technology 

components combined with Social Sciences and Humanities (SSH) expertise and 

competences for simulation environments, environmental impact assessment, business 

modelling (economic and financial), innovation scalability and replicability, that jointly enable 

advancing the state of the art. This interdisciplinary approach will support FOREMAST in 

achieving successful developments of autonomous green barges that create new 

opportunities for shifting cargo from road to waterborne transport, considering from its 

conception the end-user acceptance aspects. 

A highly cross-industry collaborative environment will be sought amongst all partners in the 

different LLs and between the WPs to combine their areas of expertise and take a more 

comprehensive approach to the reciprocal knowledge exchange towards the accomplishment 

of the proposed objectives while boosting the impact and setting the basis for further 

developments, validation, and market uptake. 

• Automated techniques applied to vessels including mooring and cargo operations 

(SEAFAR, OHB, UGENT, UGAL) managed in T2.2 and will provide the upmost advance 

in autonomous vessels design;  

• Innovation on green propulsion and infrastructure needed for the implementation of 

zero emissions vessels (PEL, ABB, OHB) is managed in T2.3, providing different 

propulsion models making waterborne transport more sustainable;  

• Multiagent simulation models that will allow to test the behaviour of autonomous 

vessels in real operational environments (CIRCOE, ITA, and VLTN) are managed in 

WP1;  

• Human factors and user experiences in human-machine hybrid decision-making and 

collaboration in navigation and operational tasks (ABB, NEAC) are managed in WP2. A 

comprehensive understanding of the challenges faced by small vessel operators and 

the design requirements for effective human-autonomy collaboration will ensure the 

remote supervisory control of autonomous vessels and the development of human-

centric SFAZ vessels; Digital Twinning Platform for design and Operation activities 

(KNT, VLTN) will be managed in WP2 with the objective of optimizing the operational 

aspects and the innovative techniques developed;  

• Impact assessment and stakeholder-validation (CIRCOE) is implemented in WP3; and 

the innovation scalability, replicability and transferability mechanisms, including 

business modelling and standardization (OHB, NEAC, IWT, SF, MAG, PNO), will be 

managed within WP4 to ensure high future market uptake of the project results. Task 

4.2 will develop a roadmap to push the regulatory introduction of SFAZ vessels (IWT). 

All these areas will be supported in LL environments by the industrial players (NEAC, 

ABB, SEAFAR, OHB) in WP3. 
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3.1. Implementation of the Digital Twin Platform in LL1 

This section describes the implementation of the Digital Twin (DT) platform in the context of 

Living Lab 1 (LL1). The DT supports the integration of real-time operational data from the 

retrofitted AVATAR vessel, along with contextual waterway information from the Ghent canal 

network and simulation models related to energy storage, voyage planning, vessel motion, 

and platooning. The platform provides a foundation for scenario-based simulation, 

performance assessment, and real-time monitoring, serving both operational and evaluation 

needs. The section outlines the role of the DT in LL1, the approach to data acquisition and 

semantic integration, and its alignment with multimodal logistics use cases under 

development. 

3.1.1. Role of the Digital Twin in LL1: Scope and Implementation 

Approach 

This section focuses on the Strategic Role of the Digital Twin in LL1. 

In Living Lab 1 (LL1), the Digital Twin (DT) functions as a digital backbone enabling the 

convergence of real-world vessel operations, predictive modelling and logistics optimisation. 

Rather than being a static model, the DT provides a dynamic, interoperable environment where 

the operational behaviour of retrofitted SFAZ vessels - such as the AVATAR - is monitored, 

contextualised and evaluated against the project KPIs. 

Its role extends across multiple dimensions: 

1. Operational Intelligence: Offering continuous visibility into vessel performance, 

automation levels and energy usage. 

2. Decision Support: Enabling simulation and forecasting tools that assist in route 

planning, platooning, mooring automation, and energy replenishment strategies. 

3. System Validation: Serving as a testbed for new components - such as battery swap 

modules, refuelling infrastructure, and automation algorithms - prior to or during 

deployment in LL1 scenarios. 

By integrating technical vessel data with environmental and logistics context, the DT ensures 

that the relevant LL1 innovations are traceable, comparable and replicable across use cases. 

3.1.1.1. Implementation approach 

The DT in LL1 is being developed through a modular and incremental approach, aligning with 

the physical deployment of assets and the maturity of specific use cases. The implementation 

pathway comprises the following coordinated activities: 

• Semantic Modelling of Vessel Assets: The AVATAR vessel is digitally modelled 

using the FOREMAST vessel ontology, covering physical characteristics, energy 

architecture, automation systems and operational constraints. This model acts as a 

reference layer for all subsequent data flows and simulations.  
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• Data Acquisition and Integration: Live data from onboard systems and the remote 

supervision platform are integrated into the DT using semantically aligned interfaces. 

This includes position, energy status, automation system outputs and voyage context, 

enriched with infrastructure data (e.g., locks, bridges) and environmental conditions. 

• Model Coupling and Scenario Simulation: Operational models - such as hydrodynamic 

manoeuvring, depth estimation, and energy consumption - are linked to the vessel 

instance in the DT. These are used to run real-time and what-if simulations for 

platooning, mooring automation, and energy planning. 

• Use Case-Oriented Interface Development: Tailored user interfaces are developed to 

support the needs of LL1 stakeholders, including operational dashboards for control 

centre staff, engineering tools for performance benchmarking, and evaluation panels 

for project KPIs. 

• Progressive Deployment Across LL1 Activities: The DT is continuously updated and 

validated throughout LL1’s experimental phases, ensuring its utility as a live 

operational companion and a decision-support tool during demonstration and 

validation. 

3.1.2. Identification of Applicable Use Cases 

3.1.2.1. Modelling framework 

The deployment of a functional Digital Twin (DT) in Living Lab 1 requires the integration of 

simulation models that accurately replicate vessel behaviour, energy systems, operational 

processes, and logistics scenarios. These models form the backbone of scenario simulation, 

KPI validation, and decision support capabilities offered by the DT. 

At this stage of the project, the following foundational models are under development: 

• Energy Storage Model – simulates battery usage, state-of-charge dynamics, and 

swap-box strategies. 

• Platooning Model – supports formation, coordination, and spacing of vessels in 

platoon configurations. 

• Voyage Planning Model – enables route selection based on constraints such as locks, 

currents, and energy autonomy. 

• Vessel Motion Model – simulates dynamics under different environmental and 

loading conditions. 

• Vessel Loading Model – models loading capabilities considering different types of 

cargo. 

• Platooning Crew Occupation Model – simulates crew allocation, in cases of 

platooning 

3.1.2.2. Applicable use cases 

Based on the available modelling framework and the defined objectives of Living Lab 1 (LL1), 

the following use cases have been identified as potential applications for the Digital Twin (DT). 
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These reflect operational priorities for sustainable vessel deployment, energy system 

optimisation, and automation, while also aligning with the current simulation capabilities. 

1. Sustainable Urban Goods Transport via the Retrofitted AVATAR Vessel 

This use case focuses on deploying the AVATAR vessel in real-life urban logistics scenarios 

as a low-emission alternative to conventional transport. The DT supports this by enabling: 

• Simulation of electric and hydrogen propulsion under operational conditions, 

• Preliminary evaluation of potential logistics cost and GHG emissions reductions, 

• Analysis of vessel loading efficiency for short-range intra-urban supply chains. 

2. Integration into a Synchro-modal Logistics Chain 

This use case aims to integrate the AVATAR vessel into a multimodal transport framework 

(IWT–road–potentially rail). While the DT’s current modelling capabilities are limited to the 

waterborne segment, it can support: 

• Voyage planning on inland waterways, 

• Assessment of vessel range and energy constraints, 

• Laying the groundwork for future multimodal simulation scenarios. 

3. Navigation and Manoeuvrability in Confined Inland Waterways 

This use case explores the ability of SFAZ vessels to navigate confined and shallow urban 

channels that are inaccessible to conventional vessels. The DT contributes through: 

• Vessel motion simulation in constrained environments, 

• Evaluation of hydrodynamic behaviour and route feasibility, 

• Support for future development of manoeuvrability KPIs. 

4. Vessel Platooning 

For the platooning use case, the DT integrates simulation models that enable: 

• Coordinated multi-vessel navigation and spacing, 

• Analysis of crew occupation patterns in remotely supervised platoons, 

• Evaluation of operational efficiency and optimisation of turnaround times. 

5. Zero-Emission Energy Systems: Swap Box and Refuelling Stations 

This use case focuses on flexible refuelling infrastructure for SFAZ vessels. Current DT 

models support: 

• Simulation of battery swap system behaviour and state-of-charge management, 

• Evaluation of range extension strategies, 

• Initial modelling of hydrogen refuelling logistics (pending further model development) 
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3.1.3. Digital Twin Real-Time Data Acquisition Infrastructure 

The real-time functionality of the Digital Twin in LL1 is enabled by a robust and modular data 

acquisition infrastructure deployed on the AVATAR vessel. This setup integrates onboard 

sensor networks, communication links, and control systems to ensure continuous, 

semantically-aligned data streaming into the DT platform. 

The architecture, depicted in Figure 4, comprises the following core components: 

• Navigational Instruments and EMS: These provide NMEA-compliant data streams, 

including GNSS, heading, course, and propulsion telemetry. 

• AIS Transceiver: Feeds identification and positioning data to the control systems and 

DT. 

• Programmable Logic Controller (PLC): Acts as the central vessel logic unit, receiving 

control inputs (e.g. RPM setpoints) from the captain or remote operator and 

forwarding them via Modbus to the Remote Control Centre Controller. It also 

consolidates feedback from propulsion and navigation systems. 

• Sailsense Data Collector: Collects selected NMEA signals and forwards them to the 

Sailsense cloud infrastructure for fleet-level analytics and maintenance planning. 

• Remote Control Centre Controller: Communicates bidirectionally with the PLC and 

streams control data and vessel states to the Remote Control Centre via 4G/5G. 

• NMEA Combiner and DT Gateway: Aggregate and pre-process all incoming signals 

before forwarding them to the Digital Twin Data Space, ensuring semantic compliance 

and temporal alignment. 

 

Figure 4 Real-time data acquisition and integration architecture onboard AVATAR vessel for LL1 Digital Twin 

3.1.3.1. Real-time signals collected 

The following signals are foreseen to be acquired and routed to the DT platform for real-time 

monitoring, diagnostics, and simulation model input: 

• Propulsion & Motor Systems 
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o Rudder position feedback 

o Motor RPM (Port and Starboard) 

o Fault code (Port and Starboard motors) 

o Power and direction feedback from bow and stern thrusters 

• Battery & Electrical Systems 

o Propulsion battery voltage, current, and state of charge (High Voltage) 

o System battery voltage, current, and state of charge (Low Voltage) 

• Navigation & Control 

o Speed Over Ground (SOG) 

o Speed Through Water (STW) 

o Course Over Ground (COG) 

o Heading 

o Actual rudder angle 

o Navigation lights status 

o Horn feedback 

• Alarms and Safety Indicators 

o Portside motor alarm 

o Starboard motor alarm 

This signal set supports the DT’s existing simulation models (energy storage, vessel motion, 

platooning) and provides a foundation for future expansions in areas such as automated 

docking, mooring, and remote diagnostics. 

3.1.4. Real Time Data Integration 

The real-time data ingestion and processing architecture for the AVATAR vessel will follow 

the common framework described in detail in Deliverable D2.7, which defines the overall 

Digital Twinning approach across the project. For LL1, the architecture will enable structured 

acquisition, aggregation, and semantic alignment of vessel telemetry, supporting both live 

monitoring and simulation-based assessment. 

Operational data from onboard systems - such as propulsion, navigation and energy status - 

will be periodically collected and processed into a format compatible with the Digital Twin 

platform. These data will be feed into simulation and analytics components, enabling 

performance evaluation, anomaly detection, and real-time visualization. Vessel metadata and 

variable definitions will be aligned with the shared SFAZ vessel ontology, ensuring consistency 

across services and use cases. 

The implementation on AVATAR is currently in preparation, with initial signal lists and defined 

data pathways. Future development will extend this pipeline as additional subsystems and 

models are brought online. 

3.1.5. Waterway Data Integration  

To support Digital Twin simulations and enhance situational awareness during vessel 

operations in LL1, relevant waterway and infrastructure data for the Ghent region are 
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integrated into the DT platform. This spatial layer provides essential environmental context 

for navigation, routing, and automation-related assessments. 

The integration effort focuses on constructing a navigable fairways graph, enriched with 

georeferenced infrastructure elements that influence vessel movement, decision points, and 

operational constraints within the urban canal network of Ghent. 

Initial data sources include OpenStreetMap (OSM) and national infrastructure datasets, from 

which features such as the following are extracted and semantically registered into the 

FOREMAST knowledge graph: 

• Bridges and movable spans 

• Locks and sluices 

• Docking areas and terminals 

• Charging stations and infrastructure nodes 

• Named canals and waterway segments 

Each element is classified according to the FOREMAST ontology (e.g., Bridge, Lock, 

FairwayNode) to enable structured queries and alignment with DT components such as route 

planning and POI-based user interfaces. 

This geospatial representation of Ghent’s inland waterway network serves as a foundational 

layer for simulating vessel trajectories, evaluating automation feasibility (e.g., under bridge 

clearances), and visualizing live and predicted positions within their real-world context. The 

integration is aligned with the overall Digital Twin framework defined in D2.7 and will evolve 

as more detailed local data become available. 

 

Figure 5 Integrated waterway network and infrastructure elements for the Ghent region, visualized in the Digital Twin 
platform.  
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4. Innovations  

An experiment or pilot project unravels through several phases. This can range from a phase 

with system testing or a vessel with full crew on board to a phase with reduced or even no 

crew operations. 

Companies want to understand as much as possible the behaviour of an automated vessel in 

a representative environment in the shortest timeframe. Researchers aim to gain more insight 

into the interaction between multiple remotely-operated vessels and how these vessels 

interact with each other and among others. A critical mass of ships and the associated data 

facilitate these insights. These experiments can take place, according to the Flemish 

regulations, provided they have a solid scientific basis and that the vessel has demonstrated 

the necessary maturity, safety and reliability. 

Innovation thrives on the willingness to dare to experiment. It is crucial that risks are carefully 

mapped and mitigated in a well-thought-through way. Human and environmental safety must 

be prioritized at all times. This implies that there must be sufficient margin for acquiring 

experience through experiments and pilot projects, even if this means all the risk mitigation 

measures are not yet known or fully developed at the beginning of these trials. 

4.1. Simulation & Design of SFAZ Logistics via Digital 

Twin 

The Digital Twinning platform developed in FOREMAST provides a powerful foundation for 

designing and evaluating sustainable, flexible, automated, and zero-emission logistics 

solutions. By combining vessel-level models, infrastructure data, and multimodal routing logic, 

the envisioned platform supports the simulation and optimisation of complex logistics chains 

that span both inland waterways and land-based transport modes. 

At the core of this capability is a modular simulation layer that leverages existing models 

covering: 

• Energy storage and consumption, enabling the estimation of vessel autonomy and 

recharge needs based on cargo weight, route length, and operating conditions; 

• Voyage planning and platooning, supporting optimal routing, formation sailing, and 

coordination of multiple vessels within constrained waterway networks; 

• Vessel motion and loading, allowing realistic simulation of vessel behaviour in 

shallow, urban canals and evaluating the impact of loading schemes on stability and 

energy demand; 

• Crew occupation modelling, supporting the assessment of supervision load and crew 

rotation strategies in remote and semi-autonomous operations. 

These models are tightly coupled with a semantically enriched knowledge graph that includes 

georeferenced Points of Interest (POIs) and infrastructural elements such as: 

• Locks, bridges, terminals, and refuelling stations, 
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• Intermodal transfer nodes and charging points, 

• Navigable fairways and canal segments classified according to operational 

constraints. 

This integration enables simulations that reflect real-world constraints and can account for 

dynamic variables such as bridge availability, lock schedules, or energy infrastructure 

locations. The Digital Twin serves as the central environment for orchestrating these 

components, offering simulation outputs that can be directly linked to operational KPIs such 

as cost, time, emissions, and energy efficiency. 

Through iterative simulation, design adjustments, and testing, stakeholders can use the 

platform to: 

• Identify viable SFAZ vessel deployment strategies within urban and peri-urban 

multimodal logistics chains; 

• Optimise routing and resource allocation across waterborne and land-based transport 

segments; 

• Test the feasibility of battery swap or hydrogen refuelling infrastructure; 

• Evaluate the effectiveness of new logistics business models under varied demand and 

infrastructure conditions. 

Ultimately, this capability supports the transition toward integrated, low-impact logistics 

systems that exploit the full potential of SFAZ vessels as a component of the broader 

European freight network. 

It may be remarked that on the one hand, the standard equipped ships are used that are 

steered by a skipper on board. On the other hand, there are also the zero emission ships that 

are already equipped with remote control equipment (AVATAR 0 and AVATAR III). Further 

instrumentation of other ships is still under investigation. 

4.2. Increased Vessel Automation 

The Maritime Safety Committee (MSC) of the IMO has defined four levels of automation for 

ships [5]. In the IWT domain, the Central Commission for the Navigation of the Rhine (CCNR) 

has defined the automation levels in inland navigation, creating a global approach to 

automated sailing [6]. 

In this project, increased vessel automation will be investigated in several ways. 

To test the different applications, different zero emission ships from OHB will be used. 

These are all different models with different propulsion and battery packs, engines and 

superstructure, to enable us to test the different models for the transport of goods and people. 
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4.2.1. Manoeuvrability in Shallow and Confined Waters  

To study the impact of hydrodynamic effects on the manoeuvrability in shallow and confined 

waters with AVATAR vessels, full scale tests are planned in June 2025. A document was 

prepared containing details of the complete test protocol (Liu et al., 2025).  

The protocol is based on the guidelines of relevant ITTC procedures, notably the procedure 

for full scale manoeuvring trials [8] and also the procedure for free running model tests [9], 

considering the size of the AVATAR vessels.  

The test protocol was first tried out with the NEAC vessel (Living Lab in France). A test 

campaign was completed in three days in November 2025 [10]. The iterative process of 

testing, analysis, and refinement provided valuable feedback on measurement techniques and 

data processing, leading to significant optimization of the overall methodology and the 

upgrading of certain sensors. It was found that accurate measurement of the positions is of 

great importance and it was therefore recommended to purchase an inertial measurement 

unit (IMU).  

For the Living Lab in Ghent, it was decided to adapt the protocol and include stop tests. Other 

manoeuvres that are required are turning circles, acceleration tests, zig zag manoeuvres and 

a couple of random tests [11], as explained in the following sub-sections. 

SEAFAR will share the following data with OHB, UGent and Konnecta: GPS data, heading (if 

signal is stable), latitude, longitude, speed over ground, course over ground, propulsion state 

(Rudder Angle/Engine power). The data will be at 1H and will be shared in a json or csv file. 

The data rate at 1Hz may be too low for certain parameters in order to assure sufficiently 

accurate control for high precision manoeuvres that may occur while platooning, berthing etc. 

If this would be the case, more accurate equipment, such as an Inertial Measurement Unit 

could be installed.  

4.2.1.1. Acceleration tests 

Acceleration trials are meant to elaborate on the self-propulsion points, i.e. what is the 

expected speed that is reached with a given propeller setting and how fast this equilibrium is 

reached. The ship should accelerate from rest (or a smaller speed) to the final speed. A 

straight line should be followed without drift. If the rudder needs to be steered to do so, then 

the rudder angles need to be monitored as well. Repeat runs should be made at each speed.  

The speed range should extend from the lowest to the highest speeds at which propulsion 

data are required. An extension of the speed range of at least 5% below and above the lowest 

and the highest speeds is recommended.  

Recommended speed ranges correspond to telegraph positions or if the rpm can be 

continuously varied, it should be tested at 20%, 40%, 60%, 80% and 100% rpm setting. The 

repeat run can be performed in the opposite direction (this may be corrected in function of the 

wind or current conditions). It is important in this case to sail against wind/currents and in the 

same directions of wind/currents.  
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4.2.1.2. Turning circle tests  

Turning circle tests are performed to both port and starboard at approach speed with a 

maximum rudder angle. During the turning circle tests, the ship must complete a total heading 

angle change of 720 degrees, which corresponds to two full circles. This allows to investigate 

a possible drift motion due to wind or current. The essential information referred to the 

midship to be obtained from this manoeuvre consists of (cf. Figure 6):  

• tactical diameter,  

• advance,  

• transfer,  

• loss of speed on steady turn, velocity loss and time to change heading 90 degrees,  

• velocity loss and time to change heading 180 degrees, 

• velocity loss and time to change heading 270 degrees. 

The first three manoeuvres may be presented in non-dimensional form by dividing their values 

by ship's length between perpendiculars. Maximum advance and maximum transfer can be 

measured as well.  

Whenever possible, turning circle at low or half speed should be considered.  

 

Figure 6 Turning circle (ITTC – Recommended Procedures and Guidelines, 2017) [8] 

It is recommended to perform a pull-out manoeuvre—returning the rudder(s) to the neutral 

position—to assess whether the vessel can maintain a straight course. Additionally, 
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conducting a 360° turning test using only the bow and stern thrusters can provide valuable 

insights into the vessel's manoeuvrability at low speed.  

4.2.1.3. Zigzag manoeuvres 

The zigzag manoeuvre is obtained by reversing the rudder alternately by  degrees to either 

side at a deviation ψ from the initial course. After a steady approach the rudder is initially put 

over to starboard (first turn), then when the heading is ψ degrees off the initial course, the 

rudder is reversed to the same angle to port (second turn).  

After counter rudder has been applied, the ship initially continues yawing in the original 

direction with decreasing yaw rate until it changes sign, so that the ship eventually yaws to 

the left in response to the rudder. When the heading is ψ degrees off the course port, the 

rudder is reversed again to starboard (third turn). During the zigzag tests, the rudder angle is 

changed four times for each trial.  

Hence, a zigzag manoeuvre is determined by the combination of the values of change of 

heading ψ and rudder angle, and is denoted δ/ψ. Common values for these parameters are 

10/10 and 20/20. However, other combinations can be applied.  

 Zigzag manoeuvres are carried out starting with both starboard and port rudder, in order to 

identify the environmental effects (e.g. wind). From the nautical point of view, however, i.e. 

the interpretation of the international rules of navigation at sea, the turning and the yaw 

checking ability using starboard rudder angles δ are of special interest, since emergency turns 

should be carried out to starboard.  

For a first simple analysis of the results, characteristic steering values defined in Figure 7 can 

be used; the values are plotted as a function of the rudder angles.  

 

Figure 7 Time trace of zigzag manoeuvre parameters (ITTC – Recommended Procedures and Guidelines, 2017) [8] 

If wind or current is significant, then the manoeuvre should be performed against the 

wind/current and with the wind/current.  

4.2.1.4. Random manoeuvring tests 

Random manoeuvring tests need to randomly control the rudder angle during the free running 

tests. The random manoeuvring tests are similar to zigzag tests. 

4.2.1.5. Stopping inertia tests 
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Stopping inertia tests are performed to assess the behaviour of a ship during deceleration 

without propeller action. 

Starting from full ahead speed, the engine is stopped quickly. When the ship's ahead speed 

has reduced to 5 knots, the test is completed.  

The parameters measured during a stopping inertia test are:  

• the head reach which is defined as distance travelled in the direction of the ship's initial 

course;  

• the track reach which is the total distance travelled along the ship's path;  

• the lateral deviation which is the distance to port or starboard measured normal to the 

ship's initial course;  

• the duration of the manoeuvre.  

4.2.1.6. Protocol for the manoeuvring tests 

Table 3 represents the main manoeuvres that need to be executed to identify the manoeuvring 

model of the vessel in normal operating conditions. These manoeuvres should be repeated at 

least twice in the same environmental condition, preferably repeated subsequently after the 

first execution at the same location, in order to provide backup data. Depending on the 

weather conditions and range of the batteries, the entire protocol requires approximately 3 

days of testing. 

Table 3 Required manoeuvres 

Manoeuvres Description Comments 

Zigzag tests (38)  20°/20° (SB) and 20°/20° (PS), throttle at 

80%, 60% and 40%  

During the zigzag tests, the 

rudder angle is changed four 

times for each trial.  

If a significant wind/current is 

present, the tests need to be 

conducted against the 

wind/current and (a selection) 

should be repeated with the 

wind/current.  

15°/15° (SB) and 15°/15° (PS), throttle at 

80%, 60% and 40%  

10°/10° (SB) and 10°/10° (PS), throttle at 

80%, 60% and 40%  

20°/10° (SB) and 20°/10° (PS), throttle at 

80%, 60% and 40%  

10°/05° (SB) and 10°/05° (PS), at 80%, 

60% and 40%  

30°/30° (SB) and 30°/30° (PS), throttle at 

80%, 60% and 40%  

30°/15° (SB) and 30°/15° (PS), throttle at 

80%, 60% and 40%  
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Turning circle tests 

(18 tests of 720°)  

10° (SB) and 10° (PS), throttle at 80%, 

60% and 40%  

During the turning circle tests, 

the ship must complete a total 

heading angle change of 720 

degrees, which corresponds 

to two full circles.  

20° (SB) and 20° (PS), throttle at 80%, 

60% and 40%  

35° (SB) and 35° (PS), throttle at 80%, 

60% and 40%  

Acceleration tests 

(10 back and forth)  

Throttle at 100%  During the acceleration tests, 

the same tests should be 

conducted both with and 

against the wind.  

Throttle at 80%  

Throttle at 60%  

Throttle at 40%  

Throttle at 20%  

Random manoeuvres 

(3)  

Throttle at 80%, 60% and 40%  Random manoeuvring tests 

need to randomly control the 

rudder angle during the free 

running tests.  

Inertia stop Throttle at 100% - Throttle at 0%  Starting from full ahead 

speed, the engine is stopped 

quickly 

Crash stop Throttle at 100% - Throttle at -100%  Starting from full ahead 

speed, the engine is reversed 

as quickly as possible (first 

stopped and then reversed) 

In this notation, the zigzag tests are represented as 'δ/ψ (SB/PS)', where: δ indicates the 

rudder angle in degrees; ψ refers to the heading angle deviation in degrees; SB denotes that 

the manoeuvre starts with a turn to starboard; PS denotes that the manoeuvre starts with a 

turn to portside.  

The turning circle tests are represented as 'δ (SB/PS)', where: δ indicates the rudder angle in 

degrees; SB denotes that the manoeuvre starts with a turn to starboard; PS denotes that the 

manoeuvre starts with a turn to portside. 

4.2.2. Platooning Models for SFAZ Vessels 

The master vessel will be under the remote control from shore control centre of SEAFAR and 

the following vessels will be under continuous remote surveillance, if safety, economic and 

technical requirements are met. Tests in a real-life environment (i.e. confined and shallow 

water conditions) with 3 vessels provided by OHB shall be carried out.  
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During these tests the position of each vessel shall be accurately logged as well as the 

consumed power. In order to be able to carry out this unique experiment, innovative remote-

controlled equipment will be installed on the vessels. 

To develop mathematical models for platooning, it is required to know how each vessel 

behaves in the water and how it responds to a specific command. A protocol to carry out full 

scale manoeuvring tests to obtain this knowledge has been written (Liu et al., 2025), as 

described in Section 4.2.1. When the vessels within the platoon are not identical, these full 

scale tests have to be carried for each different vessel. 

The manoeuvring models will be based on the MMG model which will be simplified depending 

on the available inputs and application constraint (e.g. calculation time if implemented in a 

digital twin). This manoeuvring model will then be used to develop guidance and motion 

control algorithms specific to each vessel. Different approaches are currently under 

investigation. 

4.2.3. Mixed Traffic Simulation and Safety 

Simulation and safety assessment for mixed traffic incorporating fleet management of the 3 

OHB vessels and typical traffic linking to local infrastructures (aligned with research under 

1.2.2.1 in close collaboration with LL2). 

4.2.4.  Innovations in Automated Mooring  

One of the objectives is to investigate automated mooring system innovations incorporating 

manoeuvrability and automatic docking tests under a range of meteorological conditions, i.e. 

wind strength, and wind directions.  

Once full-scale manoeuvring tests have been carried out (cf. Section 4.2.1), tests can be 

carried out near quay walls to further investigate this. 

Mooring and docking are essential parts of the sailing chain. Docking is the process of 

bringing a vessel alongside a pier, wharf, or dock and securing it there. Mooring refers to 

securing a vessel to a fixed object like a mooring buoy, anchor, or permanent structure in the 

water. 

Both are challenging onboard operations, as they require precise and controlled manoeuvres. 

Typically, these processes involve at least two people: a captain steering the ship and a crew 

member helping with monitoring the distance to the shore (docking) and then securing the 

lines (mooring). 

In remote operations, these tasks become even more complex. Communication between the 

remote operator and the onboard assistant can be compromised by connectivity issues. 

Additionally, poor camera placement or low image quality can limit the operator’s visibility. 

For urban ships, it is crucial that they are equipped with thrusters; without those, remote-

controlled docking is not feasible. 
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In any case, having a person onboard remains essential at all times to comply with safety and 

regulatory requirements. Several tests with the zero emission urban vessels in LL Belgium, 

have been conducted, with station keeping and semi remote-control docking. 

One technological aid that can support these operations is depth estimation, which helps 

verify the distance to the shore. This can be achieved through monocular depth estimation, 

currently in the research phase, or through stereo camera deployment, which is soon entering 

the testing phase. Further details on these technologies are provided in the following section. 

4.2.5. Monocular Depth Estimation for Safety and Situational 

Awareness 

In remote sailing operations, situational awareness is essential for safely steering vessels. 

The improvement of situational awareness and safety by utilizing monocular depth estimation 

will be done by collecting data from installed cameras on board of the SEAFAR equipped 

vessels, AVATAR 0 and AVATAR III, and from new camera’s on a 3rd vessel. Remote operators 

rely on camera feeds from onboard systems to monitor the environment. However, these 2D 

images do not provide any direct information about the distance between the observer vessel 

and other objects in the waterway. To enhance this aspect and improve operational safety, 

estimating the depth from these camera feeds is necessary. 

Depth estimation can be achieved in various ways, including stereo cameras, radar combined 

with camera views, or other sensor fusion techniques. However, Avatar ships are only 

equipped with cameras, as installing a radar was not feasible due to the vessel’s very low 

profile. Moreover, placing the radar unit at the same height as a person onboard could pose 

serious health risks, such as an increased risk of cancer. For this reason, SEAFAR has opted 

to explore monocular depth estimation (MDE) as a solution. 

Monocular depth estimation is the process of predicting depth from a single image. Unlike 

stereo vision systems that infer depth by comparing multiple viewpoints, MDE uses just one 

image, making it more challenging due to the lack of explicit 3D cues. Instead, it relies on 

learnt visual patterns and prior knowledge from large datasets, typically using deep learning 

models such as convolutional neural networks (CNNs) or transformers. These models learn 

to associate features like texture gradients, object size, and occlusion with depth, producing 

a dense depth map that estimates the distance of each pixel from the camera. 

Based on insights from two research papers that apply MDE in automotive contexts [12, 13], 

the Figure 8 depicts how MDE work. The raw metadata extracted from object detection (e.g., 

bounding box ID, area, width, height, and centre coordinates) is pre-processed and fed into a 

Multi-Layer Perceptron (MLP), a type of neural network trained to interpret these features and 

predict object distance. The MLP’s output layer delivers the estimated distance between the 

camera and the detected object. 
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Figure 8 Schematic for the Monocular Depth Estimation (MDE) 

In essence, monocular depth estimation applies a distance prediction model to each relevant 

object or region in an image. A major challenge is avoiding dense, pixel-by-pixel calculations, 

which are computationally intensive. Instead, the focus is on extracting a small set of key 

parameters such as bounding box dimensions and position and using these to estimate 

distance more efficiently. Another significant challenge with MDE is the difficulty of obtaining 

high-quality training data, since it typically requires ground truth from advanced sensors like 

LiDAR or radar. 

In this project, the vessel AVATAR II will be equipped with a stereo camera, together with other 

cameras and sensors as foreseen in the project description. This setup will help assess 

different depth estimation methods in terms of both cost and accuracy, allowing us to identify 

the most effective solution. 

4.2.6. Image Transfer for Automated Mooring 

 

Figure 9 AVATAR III with AVATAR II on the quay in Living Lab Ghent 

On board the AVATAR III urban ship, various communication tools have been installed: 

primarily 4G communication is used between the ship and the Command Centre in Antwerp. 

Two antennas have been installed, one on the front of the ship and one on the back, with the 
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intention that communication is taken over by one if the communication fails, for example 

when sailing under a long bridge. We also want to test the 5G communication if the 4G fails 

by switching via PEPlink. 

A third test that we want to perform is satellite communication with a satellite box on board, 

as shown below. 

 

Figure 10 Satellite box plug and play 
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Figure 11 Dashboard of the satellite communication 

The data transfer takes place with PEPlink modems installed onboard. AVATAR vessels are 

also equipped with satellite receivers by the vessel owner. SEAFAR is focusing on the 

capability and application of these receivers. 

In the tests the Galileo positioning systems will be used. Galileo is the European counterpart 

to GPS. Around 2000, the EU decided to develop its own satellite navigation system. The EU 

no longer wanted to be dependent on GPS, even though that system, whose name has become 

synonymous with satellite navigation or ‘GPS’, was available worldwide. In 2016, all Galileo 

satellites were in orbit around the Earth – in collaboration with ESA (European Space Agency) 

- and the European system came into operation. Over the past decade, European GPS has 

found its way into smartphones, cars and other devices worldwide. 

4.2.7. Neural Network-Based Image Processing 

The situational awareness in remote navigation from the shore control centre can be 

enhanced by utilizing AI. Computer vision and neural networks can provide depth estimation 

from 2D images helping find the distances to surrounding objects. The extracted distances 

can be visualized to the remote operators using a Human Machine Interface (HMI). This 

information will assist the remote operator to make accurate decisions, and, in this way, the 

safety will be enhanced, and an accurate automated docking can be implemented. 

Object recognition is the first step towards enhanced safety and situational awareness of 

semi-autonomous sailing. 

SEAFAR has developed its object detection model for other scenarios. The model leverages 

AI-based techniques to detect obstacles in the waterways. Obstacles may be static (e.g. the 

fixed environment) and dynamic (other vessels). The process of object detection covers the 
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complete pipeline, from data acquisition and edge processing using NVIDIA AGX Orin 

hardware to visualization for remote operators. Our approach employs the YOLO architecture 

for vessel detection and introduces a novel data-centric improvement cycle that employs 

image embedding for dataset refinement. 

In this living lab, the datasets that train the object detection model need to be enriched with 

obstacles specific to the dense urban areas' scenario, namely buoys and leisure boats. 

4.2.8. Human-Machine Interaction Enhancements 

Human factors in automated vessel operations are central to major changes in working hours, 

required skills, and interaction with the environment. To better understand the impact on 

captains, a research study is planned in collaboration with a PhD student from Erasmus 

University’s department of Social Sciences. The researcher will observe and interview remote 

operators at SEAFAR’s premises, analysing how their work is evolving into a more office-

based role and identifying the new skills they need to acquire. One of the key questions of the 

study will also focus on the effects of prolonged interaction with screens. 

In parallel, a literature review is being conducted to explore how technology can support and 

enhance the decision-making process. The goal is to strengthen human-technology 

interactions and ensure that automation complements, rather than replaces, human expertise. 

4.2.9. Alignment with FOREMAST Autonomy Architecture 

This can be investigated once the first full scale manoeuvring tests (cf. Section 4.2.1) and 

platooning concepts (cf. Section 4.2.2) have been worked out. 

4.3. Navigation Functions 

In open sea maritime navigation, it is important for the ship's officer to know the vessel's 

accurate position, speed, and heading to ensure the vessel reaches its destination in the 

safest, most economical and timely manner that conditions will permit. Vessel traffic and 

other waterway hazards make manoeuvring more difficult, and the risk of accidents becomes 

greater. 

The fundamental navigational tasks necessary to support the captain to conduct navigation 

safely are: 

▫ Route monitoring, 

▫ Collision avoidance, 

▫ Navigation control data, 

▫ Navigation status and data display and 

▫ Alert management. 

 The GNSS applications provide the fastest and most accurate method for helmsman's to 

navigate, measure speed, and determine location. These features increase considerably the 
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level of safety and the maritime navigation efficiency in order to accomplish the mentioned 

fundamental navigational tasks. 

With augmentation systems, GNSS accuracy will meet the requirements for navigation in 

harbour entrances and approaches or other waters in which navigation is restricted. 

Nowadays, ship's officers as well as those ashore can use enhanced information derived from 

GNSS in a reliably and efficient manner through the extensive electronic navigational and 

communication technologies and services available, such as for example: 

- Electronic Chart Display and Information Systems (ECDIS is a geographic information 

system used for nautical navigation that complies with International Maritime Organization 

(IMO) regulations as an alternative to paper nautical charts), 

- Automatic Identification System (AIS - is a maritime tracking system that uses VHF radio 

waves to broadcast a ship's identity, position, course, speed, and other relevant information. 

This system allows other ships and shore stations to track vessel movements, enhancing 

safety and aiding in collision avoidance. AIS data is also used by maritime authorities for 

traffic management and monitoring).  

4.3.1. Steering & Manoeuvring in Varied Depths and Weather 

Conditions 

GNSS stands for Global Navigation Satellite System and refers to a constellation of satellites, 

which provide signals from out of space for positioning. A GNSS has global coverage. There 

are several GNSS systems: GPS (United States of America), Glonass (Russian Federation), 

Galileo (Europe) and Beidou (China). 

The maritime GNSS navigation is in many aspects different from the road  navigation. There 

are several typical obstacles occurring in the water, for sure in shallow water, that shall be 

plotted by GNSS maritime navigation devices, such as rocks, sand banks, or wrecks. In 

addition, weather occurrences like heavy rain or dense fog, the absence of landmarks, and 

disorienting shorelines, implies that vessels shall have position awareness capabilities. 

To support Maritime Navigation GNSS positioning needs to be integrated with navigational 

charts. Navigational charts provide information about depths of water, natural features of the 

seabed, details of the coastline, navigational hazards, locations of natural and man-made aids 

to navigation, information on tides and currents and man-made structures such as harbours, 

buildings, and bridges.  

There are a number of features available with GNSS maritime applications. Through the GNSS 

maritime software, designed for marine applications, its possible to have updated maps with 

information, such as current patterns, prevailing winds, points of interest, fishing areas or 

weather information plotted onto navigational charts. By navigating the zero emission vessels 

in shallow water we use also the camera's and sensors on board. 
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The GNSS maritime software can be operated using a GNSS receiver and a laptop, however 

the most common applications using this software are handheld devices or chartplotters, 

which are dedicated devices for maritime navigation. 

We are using both in Living Lab Belgium with the research vessels. 

4.3.2. Smart Navigation 

In the context of urban waterway navigation, smart systems are essential for improving both 

safety and operational efficiency. One of the core enablers of smart navigation is remote 

control, which allows operators to steer vessels from shore-based control centres using real-

time video feeds and sensor data. 

Remote control in the SEAFAR architecture is supported by three main pillars: 

1. The SFAZ vessel, 

2. Connectivity and cloud infrastructure, and 

3. The remote-control station. 

Figure 12 illustrates these three pillars. Although the figure features a different vessel, the 

principles remain the same for the SFAZ. 

 

Figure 12 Pillars of remote control 

The SFAZ Vessel and Onboard Equipment 

Onboard the SFAZ vessel, SEAFAR installs a comprehensive vehicle control system that 

integrates: 

• NVIDIA Jetson Orin, 

• Multiple high-definition cameras, 

• GNSS receivers, 

• Cellular antennas, 

• Interfaces for third-party systems and devices. 

The following figures show the installation layout on Avatar III. 
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Figure 13 SEAFAR core cabinet position on Avatar III 

 
Figure 14 Cellular antennas position on Avatar III 

To ensure reliability, SEAFAR installs at least two cellular domes on each vessel - one located 

on the bow and the other on the stern. This spatial redundancy is a critical design feature to 
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mitigate signal loss, particularly in challenging areas such as under bridges, where signal 

occlusion is common. 

By distributing antennas fore and aft, the system ensures that connectivity is re-established 

as quickly as possible after any disruption, allowing remote operations to resume seamlessly. 

 
Figure 15 Camera’s position on Avatar III 

The vessel is equipped with: 

• 2x Axis P1455-LE cameras: 1080p at 60 fps, with OptimizedIR and built-in 

cybersecurity features. 

• 2x Axis M2035-LE cameras: Compact, 1080p at 30 fps, outdoor-ready with IR 

illumination. 

• 3x Axis M5526-E PTZ cameras: Pan-tilt-zoom functionality, 5 MP resolution, up to 25 

fps, designed for surveillance in dynamic environments. 

• 1x Framos D455e stereo camera: Based on Intel® RealSense™ technology, with a 

depth range of up to 6 meters and frame rates of up to 90 fps at lower resolutions. It 

enables depth perception, essential for object localization and distance estimation. 
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Figure 16 GNNS receiver position on Avatar III 

We installed a Hemisphere vs1000 as GNNS receiver.  

An onboard HMI also enables the local captain to monitor the operational status and control 

modes. Figure 17 shows the current HMI setup on Avatar 0 and the planned repositioning for 

Avatar III. 

 
Figure 17 SEAFAR onboard HMI 
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4.3.2.1. Connectivity and cloud integration 

Sensor and video data are transmitted through robust connectivity options, including 4G, 5G, 

or satellite links. The data is then ingested into the Azure Synapse data lake, where it is stored 

and processed. Only relevant data is used by SEAFAR’s proprietary software, which powers 

the human-machine interface (HMI) at the remote-control station. 

Additionally, SEAFAR deploys a Mimer VHF-over-IP system, which allows the remote operator 

to communicate with the onboard crew over VHF (Very High Frequency) radio, preserving 

maritime communication standards. We installed the Sailor 6222 radio. 

 

4.3.2.2. Remote-control station and AI-based situational awareness 

At the remote-control station, operators have access to: 

• Live video feeds, 

• Real-time vessel telemetry (heading, speed, status), 

• Automated alerts from onboard systems. 

Figure 18 shows the remote control station in Antwerp. 

 

Figure 18 SEAFAR remote control station 

Within Foremast, SEAFAR would like to enhance its HMI and show the VHF information on the 

navigational chart. 

This will help the remote operator to: 

• Identify which VHF channels are used by nearby ports, bridges, or vessels. 

• Know whom to contact (and on which channel) in the event of an incident. 

Advanced AI and computer vision algorithms support: 
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• Object detection, identifying static and dynamic hazards (e.g., buoys, docks, vessels), 

• Depth estimation using monocular or stereo vision methods, providing critical spatial 

awareness for safe navigation. 

These technologies enable precise manoeuvring in constrained urban waterways, including 

docking, route planning and obstacle avoidance (though route planning and collision 

avoidance are beyond the scope of Foremast). 

4.4. Engineering Functions 

4.4.1. Modbus Integration with SEAFAR Systems 

The SEAFAR Vehicle Control System (VCS) acts as an intermediary between various onboard 

systems, relaying commands from the Remote Operating Centre (ROC) to the ship's control 

system. It also includes a hardware-based safety system that determines whether SEAFAR is 

authorized to take control and influence the interfacing partner system. Additionally, the 

SEAFAR VCS can connect with a wide range of technical installations aboard a vehicle, 

enabling its complete remote control. 

A vehicle comprises several sub-modules that need to be connected to the SEAFAR VCS to 

enable effective remote control. To ensure scalability for both SEAFAR and its interfacing 

partners, a standardized interface is employed. This interface standardizes most of the crucial 

aspects while also allowing some flexibility for the interfacing partners in their 

implementation. 

An interface is essentially whatever is needed to enable communication between two 

systems. In the SEAFAR’s standardized interface, this consists of an Ethernet cable and the 

Modbus TCP protocol, allowing SEAFAR to connect to any third-party device. 

This is what we do to connect our equipment to Avatar III control system. 

4.4.1.1. Zero emission propulsion design with PEL 

Electric marine motors are available with various cooling system configurations. The simplest 

solution is air cooling, as it requires minimal auxiliary equipment. 

Water cooling has been traditionally established in the maritime sector due to the historical 

use of internal combustion engines. Large diesel engines operate at an efficiency of 

approximately 42%, meaning that more than half of the energy is lost as heat. Around half of 

this heat is dissipated through exhaust gases, while the other half is dissipated with a water-

cooling system. 

Typically, a heat exchanger is used, where raw water flows on one side, while the coolant from 

the closed motor cooling circuit flows on the other. Given the significant heat dissipation 

required for combustion engines, water cooling has traditionally been the only viable option. 

In contrast, electric motors operate at an efficiency of approximately 95%. Compared to the 

useful motor power, the heat generated heath is minimal. This makes electric motors highly 
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energy-efficient and allows for simpler air-cooling solutions. However, adequate ventilation 

must be ensured to dissipate the heat generated by the motor, either through the design of 

the engine room and/or by implementing appropriate airflow mechanisms. 

Air cooling is feasible for smaller power outputs, typically up to around 100 HP. Additionally, 

the cooling requirements of batteries and inverters must be considered, as they also generate 

heat losses. 

In a spacious engine compartment of an aluminium vessel, heat transfer through the 

aluminium hull into the water is significant. However, to prevent localized overheating, 

sufficient airflow must be maintained. It is important to note that the use of ventilation fans 

results in a loss of useful energy that could otherwise be used to drive the vessel’s propeller. 

We have tested electrical engines in the aluminium vessels with a water-cooling system. 

During the further development of the new ship models by OHB, the ELCO EP-70 engine was 

chosen, which is air-cooled. 

4.4.2. Test Object Recognition Model in Urban Area 

Details about object detection were explained in Section 4.2.7. 

To test and measure the accuracy and precision of the object detection model, SEAFAR uses 

the Mean average precision (mAP) metric. For our assessment, mAP corresponds to the 

average precision itself (the area under the Precision-Recall curve, as shown in Figure 19 as 

we don’t have multiple classes. 

Precision is the ratio of true positives / (true positives + false positives), while Recall is the 

ratio of true positives / (true positives + false negatives). A true positive is a correct detection; 

a false positive is a mistaken detection; a false negative is a missed detection. 

 

Figure 19 Average precision 

SEAFAR’s goal is to enhance this metric and reach a score >= 80%. 



 

46    
 

 

Figure 20 Object detection deployed on Avatar 1 

Figure 20 shows the comparison between the in-house training and validation of the object 

detection model and its deployment on Avatar I. 

4.4.3. Special Functions 

4.4.3.1. Algorithms in DT for vessel operation 

As outlined in Section 3.1, the Digital Twin integrates a suite of vessel-specific models that 

enable real-time monitoring, predictive simulation, and operational support for SFAZ vessels. 

These models are powered by algorithms that estimate energy consumption, simulate vessel 

motion, optimise routing, and support coordinated platooning. Additional inference 

algorithms are used for anomaly detection and predictive diagnostics, leveraging continuous 

data streams collected through the DT’s real-time infrastructure. Together, these algorithms 

form the computational layer of the Digital Twin, translating sensor data and contextual inputs 

into actionable insights for safer, more efficient, and low-emission vessel operations. 

4.4.3.2. Monocular depth estimation for object detection 

This type of camera will be implemented and tested by SEAFAR. Details about monocular 

depth estimation were explained in Section 4.2.5. 

In order to use the urban vessels optimally, it would be good to be able to use them 24/7. 

Therefore night vision cameras will be needed. An additional argument is that there is no 

disruption on the waterway by leisure vessels during the night. In the best case, we can 

organize night trips to, for example, shipyards where the goods are ready on the urban vessel 

in the early morning to be welded.  

In combination with platooning, this is a strong innovation that we want to investigate at the 

very least. 

A night vision camera is a device that allows clear viewing and recording of images in low-

light or even complete darkness. It works by using various techniques, including infrared 

illumination, light amplification, or thermal imaging, to capture and enhance images that 

would otherwise be invisible to the naked eye. 
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4.4.4. Other Functions 

4.4.4.1. Remote control docking enabling mooring 

As a new innovation, we can also investigate whether the use of a beacon can be useful for 

mooring of an urban vessel. For example, an optical beacon can be helpful in positioning a 

ship for a docking place. 

In this direction an optical device for providing visual alignment and guidance, can be tested, 

to enable an observer to pursue a prescribed path of travel and to stop at a predetermined 

point along said path. 

Such devices are comprised of a centre line module, that has at least a first and a second light 

source and a first lens system positioned with respect to said light sources to form respective 

images thereof, means within the centre line module for separating the images of the light 

sources as seen by the observer, the first light source being positioned a first distance from 

first lens system.  

At this point the image formed thereof as viewed by the observer appears to remain stationary 

and serves as a datum bar, the second light source being positioned at a second distance 

from the first lens system whereby the image formed thereof serves as a centre line bar which 

when viewed by the observer appears to be displaced with respect to said datum bar in 

proportion to the azimuthal deviation of the observer from said path of travel. The alignment 

of the centre line bar with the datum bar by the observer being indicative of travel along said 

prescribed path, a stop bar module having at least a single light source and a second lens 

system positioned with respect thereto such that the image formed by the second lens system 

as seen by the observer serves as a stop bar, a stop cue positioned in predetermined 

relationship to the stop bar module, the stop bar appearing to the observer to be displaced 

from alignment with the stop cue in proportion to the observer’s distance from the 

predetermined stop point, the concurrent alignments by the observer of the centre line bar 

with the datum bar in the centre line module and the stop cue with the stop bar in the stop bar 

module being indicative of the attainment by the observer of the predetermined stop point 

along the prescribed path of travel. 

Another possible useful application that we can investigate is the use of a radio beacon to 

help a ship find its home base or docking station. 

We can perform some tests to determine the feasibility of placing beacons on the 

infrastructure, and if it is desirable and possible. 

In navigation, a radio beacon is a kind of beacon, a device that marks a fixed location and 

allows direction-finding equipment to find relative bearing. Instead of employing visible light, 

radio beacons transmit electromagnetic radiation in the radio wave band. They are used for 

direction-finding systems on ships, aircraft and vehicles.  

https://en.wikipedia.org/wiki/Navigation
https://en.wikipedia.org/wiki/Beacon
https://en.wikipedia.org/wiki/Direction_finding
https://en.wikipedia.org/wiki/Bearing_(navigation)
https://en.wikipedia.org/wiki/Visible_light
https://en.wikipedia.org/wiki/Electromagnetic_radiation
https://en.wikipedia.org/wiki/Radio_wave
https://en.wikipedia.org/wiki/Electromagnetic_spectrum
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Radio beacons transmit a continuous or periodic radio signal with limited information (for 

example, its identification or location) on a specified radio frequency. Occasionally, the 

beacon's transmission includes other information, such as telemetric or meteorological data. 

This can be a support for the captain in the remote-control centre as an extra help to find the 

mooring place in fog or poor visibility. 

4.4.4.2. Vessel train-platooning 

Vessel platooning involves the coupling of at least two ships, with the first one referred to as 

the Leader vessel, and the others as Follower vessels. In one possible operational setup, the 

leader vessel manages and controls the movements of the follower vessels, allowing for 

streamlined coordination and potentially reducing the crew size on the followers. 

A previous EU project, NOVIMAR [7], explored this concept within inland navigation, utilizing 

large ships (typically over 100 meters in length). In the project, the leader vessel, fully manned, 

was responsible for monitoring and controlling the follower vessels, which operated with a 

reduced crew. Safety and regulatory analysis indicated that at least one crew member must 

always be present on each follower vessel to handle emergencies. This finding raises a 

fundamental question about the feasibility of platooning with Avatar vessels from a safety 

perspective.  

SEAFAR’s prior experience with platooning is limited to a single experiment involving water 

trucks operating in a non-urban area - an environment that is significantly calmer and presents 

fewer obstacles compared to the complexities of urban canals. The experiment involved a 

convoy of three water trucks, where remote control was utilized: a remote operator controlled 

the leader water truck, while a traffic controller monitored and controlled the follower water 

trucks. Key features such as waypoint following and station-keeping played a crucial role in 

the successful operation of the water truck convoy. To apply the same approach to three 

Avatar vessels, they are equipped with a 360-degree propulsion system, which is essential to 

enable effective station-keeping. This capability is particularly important in urban canal 

environments, where vessels may need to stop or hold position to wait for others or navigate 

around obstacles. 

The AVATAR vessels are available for real life testing of the remote-controlled vessel train 

concept together with SEAFAR and UGent. 

4.4.4.3. Self-organised vessel fleet operation 

Once platooning tests have been carried out, self-organised vessel fleet operation can be 

investigated. The aim is to reduce the requirement for human supervision as much as possible 

within the available time. 

SEAFAR is progressing toward autonomous or self-organised vessel and fleet operations by 

developing AI-based algorithms that detect objects from image inputs and estimate their 

distance from the observer vessel’s point of view. While broader functionalities like path 

planning and collision avoidance are important, they fall outside the scope of the Foremast 

https://en.wikipedia.org/wiki/Transmitter
https://en.wikipedia.org/wiki/Radio_frequency
https://en.wikipedia.org/wiki/Telemetry
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project. Our current focus is on improving object detection in densely populated urban 

waterways and exploring methods for distance estimation. 

4.4.4.4. Vessel integration in land-based logistics chains 

The maritime logistics industry is a broad concept and is composed of multiple actors, such 

as shipping companies, rail operators, road hauliers, seaports and inland terminal operators 

and freight forwarders. 

Developing remote controlled and automated ships in a shipping company is an intense task, 

not only due to a shortage of sailing personnel, but also from a need to focus on safety and 

efficiency through smart digital processes. 

In general, we can say that rapidly evolving needs of shippers, rising competition, 

advancement in digital technologies and a quest to increase cost and operational efficiencies 

are all driving the digital transformation of maritime logistics. 

Deploying these automated vessels in a logistics process is a challenge today because the 

cost price of using such a ship is even more expensive than a regular ship, in addition to the 

fact that the legislation on (semi) autonomous sailing has not yet been developed. 

4.5. Zero-emissions Propulsion and Energy Solutions 

The innovative power solutions will consist in the development of an innovative system for H2 

fuel cells for Class I/II vessels. This system will be based on the PEL PEMFC technology 

(Proton-Exchange Membrane Fuel-Cell) in combination with a basic battery pack. 

The fuel cell combination with batteries selected as suitable for SFAZ vessel operations has 

been tested in the LL Ghent. 

4.5.1. Engineering Functions 

4.5.1.1. Swap Box model for battery storage 

We will develop an innovative system of power solutions with Energy Management Systems 

(EMS) for a battery swap box, connected in a bidirectional way to the grid.  

As the EU rapidly adopts renewable energy – and fossil fuels account for a lower share of 

generating capacity – there is increasing pressure on the stability of the grid. At the same 

time, demand for energy is on the rise. Aggregators such as Centrica, Flexcity, etc. daily prove 

the feasibility of their business model that relies on energy storage in dedicated batteries, only 

used for grid support.  

The project will define, configure and optimize business models by not limiting the investment 

in batteries for energy storage to only one application (grid support) but by using the battery 

as a range extender for small vessels and Mobile floating power source. 

As stated in the D2.5, the future of electric propulsion in maritime transport is not about 

maximizing battery size but rather optimizing battery utilization. A right-sized, modular battery 
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system offers a cost-effective, sustainable, and operationally flexible solution, balancing 

energy storage needs with vessel performance requirements. 

By integrating supplementary energy sources such as hybrid fuel cells, renewable-powered 

shore charging, and regenerative energy recovery systems, the maritime industry can 

transition to cleaner propulsion solution while mitigating the challenges of grid limitations and 

infrastructure constraints. 

Focusing on intelligent battery management, adaptive energy distribution, and scalable 

modular designs will ensure greater efficiency, reduced lifecycle costs, and enhanced 

operational resilience. Investing in smart battery strategies today will lay the foundation for a 

sustainable, future-proof maritime sector for decades to come. 

The design of the vessels provides ample space below deck for the installation of battery 

packs to provide power for the propulsion of the engines, and for use for intranet applications. 

The installation is shown in Figure 21 

 

Figure 21 Battery pack installation on SFAZ vessel 

There is sufficient space to expand this modularly below deck. On the other hand, the urban 

vessels have a large cargo capacity, being 25 T to 45 T, which makes it easy to place modular 

battery packs above deck for various applications on shore. In this way, the vessels are already 

a floating power bank in themselves. By using safe and portable storage containers that are 

placed above deck, a scalable, flexible and easily deployable energy management system is 

realized. 

By adopting this containerized energy storage approach, ships can efficiently integrate zero-

CO₂ electric power solutions, including: 

• Grid Services – Supporting shore-based renewable energy balancing. 

• Local Autonomous Power Supply – Providing off-grid electricity in remote locations. 
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• Range Extender for Electric Urban Distribution Vessels – Extending operational range 

without increasing battery weight.  

• Combined Battery and Hydrogen-Based Storage Capacity – Optimizing hybrid energy 

solutions for various maritime applications, see Figure 22. 

 

Figure 22 Modular Hydrogen and Battery Solutions concept diagram 

Because ships are limited in their mobility and can reach places in the city centre where the 

waterways supports access, we have thought about a concept where the energy boxes can 

be brought further than just to the quay where they are dropped off. 

By designing a closed aluminium box in which battery packs are stored and providing it with 

wheels, it can already be made mobile. By also adapting the concept to a carrier that is 

attached to an electric bicycle, the delivery range is greatly expanded, as explained in the use 

case described in Section 4.6.2.  

4.5.1.2. Refuelling stations with multiple energy types 

The design and development of a refuelling floating station with fuel cells, battery packs, H2 

converters for commercial applications is planned.  

Various applications for the floating energy platform can be investigated, such as: 

- The use in marinas to supply ships; 

- Supplying energy boxes to the quays for various applications as described above 

(shipyards, charging e-vehicles, power supply for events,...); 

- Emergency generators in the form of battery packs for emergency situations such as 

an emergency hospital; 

- Range extensions for larger ships that need a lot of power. 

We are trying to develop a solid and innovative concept. 
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FOREMAST will study the scenario (new innovative business model) aiming at providing on-

board mobile batteries, power supply and a hydrogen-powered range extender. It will include 

the provision of services as a mobile charging or hydrogen refuelling stations, also for e-

vehicles, port services and vessel applications. 

4.5.2. Special Functions 

4.5.2.1. Energy management systems dashboard 

The onboard electrical energy system is flexible. It consists of: 

• The ship’s fixed electrical installation, which includes a basic battery capacity installed 

in the cargo hold, connected to chargers and inverters. 

• Flexible SWAP BOX modules. 

This fixed energy system can be extended - depending on operational needs or applications 

(e.g., as a range extender or shore power supply) - with flexible SWAP BOX modules placed 

on deck. This system is described in more detail in deliverable D2.5. The concept involves a 

composition of several modules (battery, power, H₂ storage, and fuel cell swap boxes). 

These modules communicate via NMEA (more details in D2.5) with the ship management 

system. The ship management system (hardware) transmits this information to a cloud-based 

database. The data is visualised through an online dashboard (app). 

In addition to this centralised ship management dashboard, the system configuration also 

supports the use of online dashboards developed by individual manufacturers, offering direct 

access to a broader and more detailed set of component-specific data. This approach enables 

manufacturers to more easily monitor and analyse performance through their own tools - for 

instance, for fault diagnostics, product updates, etc. 

Therefore, it is important to keep these manufacturer-specific dashboards separate and not 

centralise them. 

4.5.2.2. EMS Dashboard using DT for battery management of the power on the ship 

battery charging and discharging control and monitoring 

As part of the autonomous navigation setup, a PLC (Programmable Logic Controller) is used. 

This PLC separates the input signals depending on whether the vessel is operating in 

autonomous mode or under manual control by the onboard captain. 

Feedback regarding the status of various onboard components is received by the PLC through 

different channels (either analogue or digital via various communication buses, each using 

device-specific protocols). The PLC then translates this information and sends it over a 

Modbus (9), which is read by SEAFAR’s control system. 

The data latency in this communication flow is short, especially compared to the ship 

management system. This is logical, as communication must occur promptly during 

autonomous operation. 
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This database is therefore well suited for the DT development, as similar low-latency 

requirements apply. Furthermore, the nature of the data within the autonomous navigation 

database is comparable to the type of input required for a Digital Twin. 

4.5.2.3. Dashboard for Energy Management System of the swap battery packs and 

bidirectional planning system 

This system would allow us to efficiently use the energy systems on board the different 

battery packs. That way, the battery packs are used dynamically and functionally. A dashboard 

for an Energy Management System (EMS) focusing on swap battery packs and bidirectional 

planning would provide real-time monitoring and control for optimized energy flow. It would 

display metrics like battery health, charging/discharging schedules, energy costs and grid 

interactions, enabling informed decisions for efficient resource management and cost 

reduction. 

The Key Dashboard Elements are the following: 

• Real-time Battery Monitoring: 

• Battery State of Charge (SOC): Display the current charge level of each battery pack, 

including individual cell voltages and temperatures for detailed health analysis.  

• Battery Health Indicators: Show metrics like cycle count, degradation, and capacity 

remaining to assess the lifespan and performance of each battery.  

• Charging/Discharging Schedules: 

• Scheduled Events: Visualize the pre-programmed charging and discharging events, 

including start times, duration, and energy targets.  

• Real-time Execution: Track the actual charging and discharging progress, 

highlighting any deviations from the schedule.  

• Bidirectional Flow: Show the energy flow direction (charging/discharging) and 

magnitude for each battery pack.  

• Energy Cost and Performance: 

• Cost Analysis: Display the estimated cost of energy consumption based on 

electricity rates and consumption data, highlighting cost-saving opportunities.  

• Self-Consumption: Show the percentage of energy sourced from the grid vs. local 

renewable sources (if applicable).  

• Energy Surplus/Deficit: Indicate the amount of excess energy available for export 

or the energy deficit to be sourced from the grid.  

• Grid Interaction: 

• Grid Load: Show the current power drawn from the grid and predicted demand 

patterns, allowing for optimized energy management to reduce peak load charges.  

• Demand Response: Display the EMS's ability to adjust load based on grid signals or 

price incentives.  

• Bidirectional Planning: 

• Scenario Planning: Visualize potential charging/discharging strategies based on 

different grid conditions, energy prices, and user preferences.  
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• Optimisation Algorithms: Highlight the EMS's algorithms for optimising energy 

flow, such as minimising costs or maximising self-consumption.  

• Historical Data: Show historical data on energy consumption, charging/discharging 

patterns, and grid interactions to identify trends and optimise future planning. 

4.6. Modal Shift from Road to Waterways  

The modal shift use cases will be tested in a real life economical setting in urban and intra-

urban areas for loading goods and reverse logistics. 

In order to study the integration of SFAZ vessels in the synchromodal logistic chain with 

various transport modes we have set up some test scenarios to test the integration of the 

SFAZ into a normal logistic chain. 

More testcases will follow in the coming months. 

The goal is to simulate, design and implement, utilising the Digital Twining platform, a SFAZ 

based multimodal logistic solutions for cities and intra-urban applications that evidence 

shifting cargo from road to sustainable Waterborne Transport. ITA will support the simulation 

of business scenarios (defined in collaboration with OHB and VLTN in T1.2 and in T1.3) 

through a multimodal agent-based simulation model. This model will allow the exploration of 

various use cases in urban (e.g., Ghent) and intra-urban settings, showcasing the shift of cargo 

(such as food and parcels) from road transport to sustainable waterborne transport via SFAZ 

vessels. 

The simulation model will facilitate the analysis of different logistic configurations and the 

integration of SFAZ vessels within synchromodal supply chains. Through scenario-based 

assessments, it will provide quantitative estimations for several LL1 KPIs, including: 

• The potential for significant reductions in overall logistics costs through coordinated 

vessel operations. 

• The capacity to shift a substantial share of cargo volumes from road to waterborne 

transport. 

• The environmental benefits of transitioning to zero-emission logistics solutions. 

Moreover, the simulation tool will enable the testing of different operational strategies (e.g., 

loading/unloading times, scheduling, routing, reverse logistics) and their impact on logistics 

efficiency, sustainability, and scalability in real-life economic contexts. 

4.6.1. Opera House Use Case: Transport of Construction 

Material using IWT 

The use case that we are studying in the context of this project is the renovation of the Opera 

House in Ghent. 

In 1698, the theatre of the archers' guild Sint-Sebastiaan on the town square Kouter in Ghent 

was renovated and made suitable for opera performances. 
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In 1737, the new Sint-Sebastiaanstheatre was built according to the plans of architect Bernard 

de Wilde, to make way for the current opera house 100 years later. This building of the "Grand 

Théätre" was built in neoclassical style for opera performances between 1837 and 1840 by 

the then Ghent city architect Louis Roelandt on the site of the demolished Sint-

Sebastiaanstheatre. This later became the Royal Opera of Ghent. In its 175-year existence, the 

"Grand Théâtre" has been modified, redecorated and rebuilt a few times, but it is nevertheless 

a fairly intact example of a typical "French" theatre from the first half of the 19th century, as 

shown in Figure 23. 

 

Figure 23 The Opera House in Ghent, built by Louis Roelandt 

 

Figure 24 Bird’s eye view of the Opera House in Ghent, located near a waterway 
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4.6.1.1. Use Case Analysis 

It is located on a historic square and a canal runs at the back, as shown in Figure 24. Given 

that accessibility at the front is limited, we would like to investigate to what extent we can use 

the transport options of the canal at the back of the building, cf. Figure 25 and Figure 26. 

 

Figure 25 Waterway behind the Opera House 

 

Figure 26 Potential (un)loading area at the Opera House 
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Figure 27 shows an image of the internal structure of the opera house where work will be 

carried out on seven floors. 

 

Figure 27 Internal structure of the Opera House 

Transportation volumes for removal waste and supply construction material are as follows:  

Table 4 Transportation volumes for removal waste and supply construction material for Opera house Ghent 
renovation 

 

In total there will be: 
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- Removal of debris (sorted in different factions of wood, plaster, insulation,.....): 14.349 

Ton 

- Transport of new construction material to the wharf with vessels : 16.049 Ton 

In consultation with the water authority, the Flemish Waterway, the possibilities to deploy a 

ship have been established. We have chosen an inland vessel with the following maximum 

dimensions: 38m x 5.5m with a sailing depth of 1.60m. 

Once more information is obtained about the vessel and its motorisation, we will be able to 

calculate the saved CO2 and NOx emissions. 

4.6.2. Green Last Mile Deliveries in the City of Ghent- 

Synchromodal Transport 

Synchromodal transport is a flexible logistics concept that utilizes multiple transportation 

modes (like road, rail, water, and air) in a dynamic, real-time manner to optimize the flow of 

goods. It allows for switching between modes during transit based on real-time information 

and current operational conditions, aiming to reduce costs, emissions, and lead times. Unlike 

traditional intermodal transport, synchromodality emphasizes real-time flexibility and 

dynamic planning, enabling a more adaptive and efficient transportation solution. 

Due to the various restrictions (Low Emission Zones, zero transport zones, school zones, time 

slots, ...) in the city of Ghent to enter the city centre with heavy diesel-driven transport, we have 

been looking for solutions around zero emission transport in the past period; This involves 

synchromodal transport by truck to the outskirts of the city, transferring the goods to a zero 

emission ship with cargo bikes already on board and after the trip to the city centre the cargo 

couriers can deliver the parcels to the end customer. 
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Figure 28 Synchromodal ship - cargo bike concept 

 

Figure 29 Modular Battery Solutions concept for Green Last Mile delivery 

The next step in the innovative energy story is the development of a prototype of a mobile box 

with H2, converter and fuel cell. We will work on this in the coming months with partner PEL. 

The basic principle of the H2 power box has been designed by PEL as shown in Figure 30.  
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The fuel cell ensures continuous green power without interrupting operations using H2. This 

portable hydrogen-based energy unit acts as a marine diesel generator replacement, 

maintaining steady DC supply while charging the battery pack during operation. 

 

Figure 30 Energy flows range extender, electric propulsion with hybrid H2 energy provision – concept 
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5. Business scenarios 

We have already tested various green last mile solutions and use cases in the past period of 

6 months using zero emission vessels in an urban environment.  

We have collected information about the sailing routes, suitable loading and unloading places 

in the city and in the surrounding area, loading systems, height of the quays, etc. 

Based on this, sailing routes and unloading places have been established where the majority 

of the urban vessels can moor and unload. 

For each flow of goods, there are different parameters that need to be considered. 

5.1. Action Plan 

With our action plan, we will test the proposed green last mile model of T3.4 throughout the 

research process by consulting with key stakeholders, potential customers and operators.  

5.1.1. Principles 

The principles of river freight form the framework within which a feasible transport model can 

be developed and tested. These principles are based on consultation with stakeholders. This 

is part of a synchromodal form of logistics flow where we have a pre- and post-transport from 

the land side. 

5.1.2. The Primary Market  

The primary market analysis defines which segments of the light freight market are most 

suitable for waterway transport in LL1. In the LL Ghent, we investigate to what extent waterway 

transport can offer an alternative to traditional last mile delivery by means of road transport 

for parcels, food & beverages, construction materials and waste flows.  

5.1.3. The Economics of the Current Situation 

The economics will be examined with the TCO tool as elaborated in WP1 with respect to costs 

related to road versus water transport. 

5.1.4. The Future Operational Model for Water Transport 

Inland Waterway Transport provides the proposed 'end-to-end' solution for a feasible 

operational model for green last mile deliveries. The cost estimates allow us to calculate to 

what extent river freight can be competitive with road transport. 

There are several points that are important to make a modal shift from road transport to water 

transport successful in the future, such as: 

- presence of sufficient streams, canals and rivers in a city 
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- cooperation of the water authorities to keep the infrastructure in order and to provide loading 

and unloading areas where the urban vessels can be loaded 

- cooperation of the city whereby the city not only facilitates but can also oblige certain sectors 

to use water as a transport mode, e.g. for the transport of building materials to shipyards that 

are located on the water. 

- a city with a mobility plan and a logistics plan can contribute to better publicising the 

possibilities of goods transport via the waterway. 

- a different mindset among users in the logistics chain to use urban ships as a means of 

transport, such as the zero emission of CO2 aspect of the ships. 

5.1.5. Recommendations 

Finally, we can formulate recommendations for the competent authorities and describe the 

concrete next steps of the project.  
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6.  Key Performance Indicators 

KPI stands for key performance indicator, a quantifiable measure of performance over time 

for a specific objective. In LL1, the measurable objectives are around logistics on the one hand 

and energy solutions on the other. 

In the context of logistics, objectives have been formulated regarding modal shift and avoiding 

GHG emissions.The energy solutions are measurable by developing innovative solutions for 

power supply by using H2 to support range extension of ships, for example, land-side 

applications to charge cars, etc. 

The KPIs for LL1 are set out as follows:  

(i) 20 organisations participating in the use of transport by vessels 

(ii) 50 % reduced logistics cost with vessel train of platooning operations;  

(iii) Simulation based estimation of 25 % cargo share shifted to waterborne transport;  

(iv) 100 % reduced GHG emissions;  

(v) 3 new business models introduced (EMS with grid and battery systems, refuelling stations 

and zero emission transport). 

6.1. Plan to Achieve the KPIs 

The plan to achieve the KPIs can be described in more detail as follows:  

(i) 20 organisations participating in the vessel services. The stakeholder meetings are an 

ongoing process with companies as Lalemant Shipping, construction companies as DENYS, 

ARTES, De Groote – Houtboerke, OVB)  

We regularly consult with various stakeholder groups, such as the city of Ghent, the water 

authority, companies that are located on rivers and canals who want to implement modal shift 

from road to water transport, companies., 

Based on these discussions and inspiring examples, we try to promote intercity, regional and 

urban transport via the waterway and to develop test runs. 

(ii) 50 % reduced logistics cost with vessel train of platooning operations;  

This KPI is a challenge because we assume a theoretical model that the costs are halved when 

using 2 vessels with 1 captain. On the one hand, the cost of using an urban vessel is double 

that of transport via the waterway. On the other hand, 1 ship can be controlled remotely from 

the Command Centre in Antwerp, but we do not know for sure yet whether 1 captain on shore 

can transport 2 ships in an urban environment. 

Testing in a real-life setting will provide a solution to this. 
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We have established that, as long as there is no legislation allowing a semi-automated ship to 

sail without a crew, we must have a skipper on board for safety reasons. 

(iii) Simulation based estimation of 25 % cargo share shifted to waterborne transport;  

We will try to implement modal shift from road transport to water transport by using urban 

vessels. 

To this end, we will make arrangements with the planning departments of the logistics 

companies to inform us which transports are eligible for modal shift. It is clear that we need 

to select the yards that are located on the waterfront. We also need to investigate the 

unloading possibilities, namely the presence of a low quay or a tower crane on a yard. 

(iv) 100 % reduced GHG emissions;  

Due to the development of electrically powered urban vessels, there is no emission of CO2, 

NOx or polluting particles. In this way, the goods are transported on a 100% less greenhouse 

gas emissions. 

On the land side, we are also trying to develop unloading systems that do not have GHG 

emissions, such as an electrically powered lift truck,... As for the use of a tower crane, these 

are often powered by a polluting diesel group on a construction site. We will try to replace 

these diesel groups by means of an electric battery pack. 

(v) 3 new business models introduced (EMS with grid and battery systems, refuelling stations 

and zero emission transport). 
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7. Conclusion  

During the past project period, we have mainly worked in LL1 on the set-up of the Living Lab, 

with a number of specific tasks such as adapting the ships to be able to perform tests, 

including sending data to a digital platform, preparing the installation of SEAFAR equipment 

on a ship for remote control sailing, analysing the data that is available, as technical 

preparation on site. 

We have had a lot of consultation with the partners to streamline and define the tasks, 

conducted research via desk research, and field research by research in the canals and rivers 

in the LL1 to define the right test areas. 

The research into the right equipment for the use case with e.g. platooning has not yet been 

fully completed but is progressing well. 

For the further elaboration, we have developed the following roadmap for the coming period, 

and will fulfil the execution of the deliverables and tasks in 2 phases: 

Phase 1: 

(a) Hydrodynamic tests will be performed to evaluate the ship's maneuverability in 

shallow and confined waters. 

 

The hydrodynamic tests will be performed with OHB's ships in the LL Ghent where the 

water depth varies from 0.5 to 1.8 m. A similar environment is located in the Danube 

estuary in Galati. The hydrodynamic effects will be calculated and described by the 

UGAL’s team 

 

(b) Platooning tests will be performed with follower ships under external supervision. 

 

We will perform these tests in the LL in Ghent with 2 or more ships, with UGENT 

performing the calculations and developing algorithms to make platooning possible. 

The practical tests will be necessary to arrive at a workable model. 

 

(c) Simulations and safety assessments for mixed traffic will be developed, including 

fleet management. 

 

Scenarios for simulations are developed and then tested in practice. Safety is an 

important item in remote control sailing and requires permanent attention. The tests 

with remote control sailing in which ships are managed remotely from our control 

centre are always manned with a physical captain on board. 

(d) Test automated mooring system innovations will be conducted, incorporating 

manoeuvrability and docking visualising the depth estimations for the remote control 

to improve situational awareness and safety applying monocular depth estimations 

for the remote learning based algorithms for extracting the distances to surrounding 

vessels and objects. 

The depth cameras and associated software installed by SF will provide depth 

estimates of the vessels relative to each other and to the quays and other objects in 
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the water. This data will provide the captain in the Command Centre with a detailed 

view of the situation on site to perform a safe docking operation. 

Phase 2: 

(a) Test enhancements for automation-human interaction in navigation and operational 

tasks 

 

We are working out a number of scenarios with the partners involved to map and 

improve the automation-human interaction. Desk research is part of this. 

 

(b) We will conduct tests of power solution innovations including floating batteries and 

H2 fuel cells, testing the SFAZ vessel in real-life economic settings in urban and intra-

urban areas for loading goods and reverse logistics. Moreover, the swap box model 

will be tested, modelling energy storage by battery packs for extended range of sailing. 

 

(c) We will integrate SFAZ vessels in the synchromodal logistics chain with different 

transport modes. In a real life setting we will work out a number of models with 

transport by road and water with a number of different transport modes, such as heavy 

trucks and trailers, urban zero emission vessels and green last mile providers such as 

cargo bikes. 

 

In the Living Lab we will simulate and test ship and shore applications using real-life and digital 

twin solutions. In a later version we will demonstrate how the full implementation will be 

worked out in the Living Lab. 

  



 

67    
 

8. Bibliography 

[1]  https://www.nt.nl/binnenvaart/2023/11/06/binnenvaartsector-heeft-tot-2030-nog-20-

000-vacatures-te-vullen/?gdpr=accept ) 

[2] CCNR (2024) - https://www.ccr-zkr.org/files/documents/om/om24_II_en.pdf ) 

[3] https://vb.nweurope.eu/projects/project-search/st4w-smart-tracking-data-network-for-

shipment-by-inland-waterway/   

[4] https://www.vlaamsewaterweg.be/nl/projecten-werven/innovatieve-projecten/smart-

shipping 

[5] https://www.imo.org/en/MediaCentre/HotTopics/Pages/Autonomous-shipping.aspx  

[6] https://www.ccr-

zkr.org/files/documents/AutomatisationNav/DefinitionAutomatisation_en.pdf 

[7] https://novimar.eu/  

[8] ITTC (2024). Recommended Procedures and Guidelines. Full Scale Manoeuvring Trials, 

7.5-04-02-01. Revision 04  

[9] ITTC (2024). Recommended Procedures and Guidelines. Free Running Model Tests, 7.5-

02-06-01. Revision 05 

[10] Mansuy, M., Delefortrie, G., Candries, M., Alliot, A., Mesnil, L., Alliot, I., (2025). Developing 

a manoeuvring model for a SFAZ by means of full scale trials. Proceedings of the 7th 

MASHCON Conference, 19-21 May 2025. 

[11] Liu, S., Mansuy, M., Delefortrie, G., Candries, M., (2025). Required input parameters for 

System Identification. Foremast – WP 3.1, VERSION 3_0, pp. 1-12.  

[12] Afshar, M. F., Shirmohammadi, Z., Ghaharamani, S. A., Noorparvar, A., & Hemmatyr, A. M. 

(2023). An efficient approach to monocular depth estimation for autonomous vehicle 

perception systems. DOI: 10.3390/su15118897  

[13] Tousi, S. M., Khorramdel, J., Lotf, F., Nikoofard, A. H., Najafi, A., & Taghirad, H. D. (2020). 

A new approach to estimate depth of cars using a monocular image. Retrieved from 

https://aras.kntu.ac.ir/wp-content/uploads/2021/04/2020_IEEEConf_Javad.pdf  

 

 

 

https://www.nt.nl/binnenvaart/2023/11/06/binnenvaartsector-heeft-tot-2030-nog-20-000-vacatures-te-vullen/?gdpr=accept
https://www.nt.nl/binnenvaart/2023/11/06/binnenvaartsector-heeft-tot-2030-nog-20-000-vacatures-te-vullen/?gdpr=accept
https://www.ccr-zkr.org/files/documents/om/om24_II_en.pdf
https://vb.nweurope.eu/projects/project-search/st4w-smart-tracking-data-network-for-shipment-by-inland-waterway/
https://vb.nweurope.eu/projects/project-search/st4w-smart-tracking-data-network-for-shipment-by-inland-waterway/
https://www.vlaamsewaterweg.be/nl/projecten-werven/innovatieve-projecten/smart-shipping
https://www.vlaamsewaterweg.be/nl/projecten-werven/innovatieve-projecten/smart-shipping
https://www.imo.org/en/MediaCentre/HotTopics/Pages/Autonomous-shipping.aspx
https://www.ccr-zkr.org/files/documents/AutomatisationNav/DefinitionAutomatisation_en.pdf
https://www.ccr-zkr.org/files/documents/AutomatisationNav/DefinitionAutomatisation_en.pdf
https://novimar.eu/
https://aras.kntu.ac.ir/wp-content/uploads/2021/04/2020_IEEEConf_Javad.pdf

