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EXECUTIVE SUMMARY

This deliverable presents the AUTOFLEX inland waterway autonomy package developed
through Tasks 4.5 and 4.6. The work combines Maritime Robotics’ SeaControl, SeaSight and
remote operation capabilities with a Mission Exchange Model (MEZ) for transferring the
information required to plan, assign and execute autonomous inland waterway missions. The
intended concept places mission scheduling, operational supervision, intervention requests and
fallback handling in the Remote Operation Centre (ROC), while the onboard Autonomous
Navigation System (ANS) executes the approved mission and reports status and requests back to
the operator.

The MEZ was developed through requirements workshops, a gap analysis of existing maritime
and inland waterway standards, definition of extended data models, and a proof-of-concept
demonstration. Existing route-exchange standards, particularly RTZ and S-421, were found to
provide a suitable basis, but extensions are required for inland waterway operations. These
include action points, operational-mode transitions, strict schedules, lock and bridge passages,
mooring information, cargo data, infrastructure constraints and planned responses from the
ROC. A subset of the model was successfully demonstrated with the OtterX USV in Trondheim,
where the vessel followed a predefined route, notified the ROC at action points, stopped to await
operator confirmation and resumed autonomous navigation after bridge clearance. An RTZ
Route Planner was also developed and its MEZ-extended route output was successfully parsed
and displayed in the Maritime Robotics Vehicle Control Station.

Task 4.5 addressed the situational-awareness capability required for autonomous operation.
Therefore, situational awareness systems, were installed on an IWW vessel MS Sorrento
operated by project partner DFDS. Camera, AISand LiDAR data were collected during operations
of the Sorrento barge during their normal operation on the Ghent-Terneuzen Canal and used to
establish a structured workflow for annotation and training of real-time visual object-detection
models. The proposed perception pipeline combines complementary camera, radar, AIS and
LiDAR information to improve object classification, ranging, tracking and detection of non-
cooperative targets. The deliverable further describes the planned installation of the SeaControl
onboard system, SeaSight sensors, dedicated radar, Vehicle Control Station and scalable ROC
capability on the IWW vessel MS Letitia which will be further investigated during the validation
and demonstration campaign in WP 6.

The work achieved the main objective of defining and demonstrating the core elements of an
autonomy and remote-operation package for inland vessels. The vessel MS Sorrento was selected
and successfully equipped with parts of the developed situational awareness package and data
before further optimization could be collected. The full scope of the developed situational
awareness package and the functionality of the developed MEZ will be demonstrated on another
IWW vessel, MS Letitia within the scope of WP 6.
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1 INTRODUCTION

1.1 PURPOSE OF THE DOCUMENT

This deliverable relates to tasks T4.5 and T4.6 in the AUTOFLEX project. The purpose was
the development of an high-level system enabling inland vessel automation and autonomy.

In Task 4.5 the automation and autonomy package concept for MR (SeaControl and SeaSight),
was established and tailored for uncrewed inland vessels at CCNR autonomy level 3%. Under
this concept, the majority of operations, such as mission scheduling, intervention requests,
and fallback recovery, were designed to be planned and controlled from the Remote
Operation Centre (ROC).

To address critical situational awareness challenges, the task focused on vital object
classification requirements, defining specific object categories and interaction strategies for
the autonomous navigation system. Additionally, the navigation system was upgraded to
support the execution of digital missions (later developed in T4.6), with a particular focus on
successfully managing the complexities of oncoming traffic, canals, and locks.
To fulfill the task, sensors for situational awareness were installed on an inland vessel and
used in the development and training of algorithms for classifying objects into object
categories. The work focused on gathering datasets at different viewpoints, illumination
conditions, and with object variations, which ensured high-quality training and testing data.

Task 4.6 established the ROC concept, centered around a digital mission package for
autonomous vessels. This digital package consolidates all data required for the autonomous
navigation system to execute a transport job, including routes, schedules, and specific transit
requirementslike bridges and locks. Additionally, the task defined methods for both assigning
these missions and securely transferring them from the ROC to the vessel.

! https://www.ccr-zkr.org/12050000-en.htm1#03
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2 PROPOSAL OF A MisSION EXCHANGE MODEL

2.1 BACKGROUND FOR THE MISSION EXCHANGE MODEL

This chapter describes the work done to define a draft standard for a Mission Exchange Model.
The work is done as part of Task 4.6 Remote control centre concept. The Mission Exchange
Model (MEZ) describes the information that is needed by the autonomous ship to execute its
navigation task, e.g. the route, the schedule, the bridges and locks to pass, and other relevant
information. The information is sent from the ROC (Remote Operation Centre) to the ANS
(Autonomous Navigation System) to ensure that the autonomous navigation of the MASS in
inland waterways is performed according to the input from the ROC operator.

The results were also published in the paper “A Mission Exchange Model (MEZ) for
Autonomous Inland Waterway Navigation” that was presented at the ICMASS conference in
Hamburg in 2025 [1]. The current deliverable report provides several updates done based on
further evaluation of the proposed model. The Mission Exchange Model was also presented
to the standardization committee IEC TC80/WG17 Common Maritime Data Structure (CMDS)
at its April-meeting in 2026, in London. This committee is relevant for the standardization of
the MEZ, since it is responsible for the development of the route exchange standard S-421
route plan based on S-100, which is also named IEC63173-1 ED2: Maritime navigation and
radiocommunication equipment and systems - Data interfaces - Part 1. This standard is used as
the basis for the MEZ standard, with some extensions.

This chapter describes the requirements to the Mission Exchange Model (MEZ), investigate
existing and relevant standards that cover mission data, and propose a format for such
missions to be sent from the ROC to the ANS.

2.2  MOTIVATION FOR THE MISSION EXCHANGE MODEL

Humans will be involved in the operation of autonomous vessels for the foreseeable future,
irrespective of whether the autonomous vessel is capable of navigating inland waterways
(IWW) without continuous human supervision for certain parts of the voyage. The
established principle of autonomous navigation, somewhat simplified, is that a) the Situation
Awareness System (SAS) provides the Autonomous Navigation System (ANS) with the
required information to perform navigation tasks, such as positioning, traffic and other
objects identifications, b) to navigate autonomously, the ANS must determine if the actions it
currently executes, such as docking or transit, can commence as planned, or if corrective
actions such as speed and course changes are required, and c) that the operator intervenes if
deemed necessary or requested by the ANS, or otherwise monitor the operation - Figure 2-1
shows the environments for IWW mission planning and execution based on the principle of
autonomous navigation. This principle emerged very early in autonomous vessel
development [1], and is reflected in the ongoing IMO MASS Code development and
international standardization [2], as well as within the first commercial IWW applications.
Although the ANS should be capable of making decision on its own, it cannot determine
its own purpose, that is, what it is supposed to do. Thus, it falls upon humans to tell the
autonomous vessel what it is supposed to do, when it is supposed to do it, where it is supposed
to be at given times, and what navigational constraints it must consider. This is the mission,
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and that isassigned to the autonomous vessel by a remote operator that residesin ROC, before
leaving the departure port.

ROC
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planner station » Lock operator
Y 3
h 4
#| Bridge operatar
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Figure 2-1: Environment for IWW Mission Planning and Execution

2.3 RELATED WORK ON ROUTE PLANNING AND AUTONOMOUS NAVIGATION

In manned maritime transport, one core task of navigation is voyage planning, which serves
as the backbone of safe navigation. Voyage planning is linked to SOLAS Regulation 34 [3],
with IMO Resolution A.893(21) giving guidelines on how to execute this task [4]. The plan itself
typically consists of amongst others: Plotting of the intended route, safe speed, necessary
speed alterations, minimum clearances, and course alteration points. Since 2015, this is
electronically supported by a route plan exchange format, which is called RTZ, and
standardized by CIRM [5], and also standardized in IEC 61174:2015, Edition 4 [6]. This was
tested for vessel-shore interaction capabilities by the STM project [7]. An extended version of
RTZ , named S-421 and developed by IEC as IEC63173-1:2021 [8] is added to the IHO S-100
framework of standards. Also, during the ISTS-project, a converter from the RTZ-format to
the S-421 format was implemented [9]. Routes in RTZ and S-421-formats are described by
geographical waypoints, allowed cross track errors, schedules, and optionally by a simple
turning radius between legs. On open sea, such voyage plans can be executed from a track
pilot supervised by an officer of the watch. In inland navigation, similar processes apply, yet
less formalized.

For Autonomous and Inland Navigation, additional specific data elements need to be
covered, which are not yet included in the given voyage planning data format, including 1)
Specific geometries: The meandering nature of (natural) IWW requires more complex route
planning than static turning radius. State-of-the-art track control systems for IWW do
typically work with rotation speed regulation instead. 2) Infrastructure interactions: Pausing
and waiting during a voyage at IWW infrastructure such as bridges and locks, are more
common on the voyage than in maritime. Those do typically affect the schedule, which
cannot be totally preplanned. 3) Changing autonomous operations: In contrast to manned
shipping, different modes of operations (autonomous and remote) as well as different degrees
of autonomy (CCNR 0-5) are possible during different parts of the voyage and need to be
planned.
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Significant efforts have been put into studying autonomous navigation systems where
the focus has been on the ROC [10], [11], [12], [13], the Guidance, Navigation and Control (GNC)
methods of the ANS [14], [15], [16], [17], and support functions of ROC and other shore-based
personnel for anomaly detection [18], [19]. However, less attention has been given to how the
ROC should communicate plans, and changes of plans, tothe ANS. Thisincludes the definition
of the mission that the ANS shall execute, and how it should be exchanged between the ROC
and the ANS.

The review in [20] investigates the current advancements on autonomous mission
planning and management for autonomous underwater vehicles and aerial vehicles. While a
high-level architecture for a typical mission planning and management system is presented,
the mission exchange model is not discussed. The review of mission planning in [21] discusses
the decomposition hierarchy of the USV (Unmanned Surface Vehicle) mission into specific
goals, tasks, and behaviour, however, neither the mission creation nor a data model for
transferring a mission from a control centre to the USV is discussed. Robust mission planning
for Autonomous Marine Vehicle fleets is proposed in [22], where the planner translates
mission goals to tasks that are distributed over the fleet of autonomous drones. However, a
mission exchange model is not discussed. An Al planning module for executing the
autonomous vessel mission, intended as a translator between the mission and the path and
motion planning unit, is proposed in [23]. However, neither the mission creation nor the
mission exchange model is discussed. Temporal mission planning for Maritime Autonomous
Surface Ships (MASS) is proposed in [24], where a temporal Al planning is used to create the
control tasks for the GNC. It takes goals and actions as inputs, but the mission exchange model,
that would contain these goals and actions to be communicated between the ROC and the
vessel, is not discussed. While the literature seems to focus on the planning problem from the
perspective of translating mission goals into tasks, no studies address the data model for
transferring the mission to the ANS.

The Mission Exchange Model proposed here will be based on existing standards for route
plan exchange (RTZ for current usage [5] and S-421 for further usage [8]) and standards for
IWW navigation (currently IENC 2.4 [25], and future S-401 [26]), as well as class terminology
for autonomous operations (as e.g. DNV Autoremote [27] or CCNR [28]), to be easily adapted
by existing technologies. The mission exchange model will contain all the information that
the autonomous vessel will need to execute a mission, including relevant information about
the cargo, departure and arrival berths, the route to navigate (with any restrictions such as
shallow draft), with the related schedule, bridges and locks to pass, and the allocated positions
in the lock chambers and at the berth derived from the Inland ENCs.

2.4  MISSION PLANNING PROCESS

Figure 2-2 describes the message exchanges related to the planning, execution and updates of
a mission, related to the environment shown in Figure 2-1. The process starts with the ROC
operator describing the mission, including the route and waypoints, planned speed over
ground, time schedule, cross track distance for each leg, if the ANS or the ROC operator is in
control for each leg, information about the lock passing and bridge passing, and information
about when the ANS should notify the ROC operator and what situation to report on. The
Mission planner in the ROC will create the Mission Exchange Message according to the
Mission Exchange Model, and this will be sent by the ROC communication interface using the
ANS-ROC communication carrier.

The ANS will need to validate the mission, and it will then send the approval back to the
ROC operator. Then, the mission is ready for execution by the vessel. The ANS can either
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execute the mission by sending the set points to the Track pilot or DP system, or it can instead
hand over the control to the ROC operator, dependent on the instructions in the mission.
During the execution of the mission, the ANS will continuously send statuses and feedback to
the ROC operator, according to the mission, and to what is already defined by the ANS. For
each request, the ROC operator must evaluate the request and act as needed. This may be to
take over the control of the vessel from the ANS, to contact lock or bridge operators, or to
handle certain requests that requires updates of the mission plan. During the execution of the
mission, external actors like lock or bridge operators may also give warnings or information
to the ROC operator that may lead to wupdates of the mission plan.

sd Mission Planning Sequence Diagram /

Track ANS ROC Lock/Bridge Logistics
Pilot/DP Operator Planner

Mission Planning

c
-
send mission message() L7
-_—————
| - Validate mission()
" Approve Mission()
-
T
T Mission Execution and Updates !
| et VN . Manual Control() i
L I
*Track Mission() o ! Warnings and Notices()
> ission status 3 )
> - -
i

Figure 2-2: Mission Exchange Message sequence diagram

2.5 DEVELOPMENT METHODOLOGY

2.5.1. OVERVIEW

To develop the mission exchange model, a case study method was applied. The case study was
designed to be carried out over four phases, with each phase having a specific purpose:

e Requirements: In the first phase, requirements to the mission exchange model were
elicited in a series of online workshops with joint industry and research organisations,
see Section 2.5.2.

e Gap Analysis: Secondly, based on the identified requirements, a review of existing data
modelsand standards applicable toinland waterways, but also standards for sea-going
vessels were carried out. It was investigated which parts of these existing standards
could cover which of the requirements to the Mission Exchange Model, and which
gaps still existed, see Section 2.5.3.

e Extended Data Models: Thirdly, new data elements were proposed, that are extensions
to the existing models and standards to cover the mission exchange data between the
ROC and the autonomous vessel that are not already covered. These extensions are
proposed as UML classes that can be further implemented as messages on XSD-format
or other formats, see Section 2.6.
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e Demonstration: Fourthly, and finally, a part of the mission exchange model was
implemented and demonstrated on a scaled demonstration vessel (OtterX) as proof-of-
concept, see Chapter 3.

2.5.2. REQUIREMENTS TO THE MISSION EXCHANGE MODEL

The requirements to the Mission Exchange Model were collected during online workshops

with project partners and can be summarized as follows:

e The mission exchange model covers data needed to be sent from the ROC to the ANS to
define the navigation from a departure berth in a terminal to the arrival berth in the
arrival terminal.

e The mission exchange model covers data needed to be sent from the vessel to the ROC
regarding situations detected by the vessel that needs attention by the ROC operator.

e The mission data model does not cover data sent between the ROC and the lock/bridge or
other shore-based infrastructure.

e The vessel travels a fixed route, from a departure port to an arrival port. The vessel will
need information about the mission before it leaves the departure port.

e Details on the communication protocol between the ROC and ANS are not part of the
mission exchange model.

e The vessel does not have interface to the RIS (River Information System), as thisis handled
by the ROC.

e The vessel is assumed to be on at least level 4 of automation (high automation) according
to the CCNR definition of levels of automation in inland navigation [29], where the vessel
is capable of operating between two successive locks.

e The ANS sends status information continuously to the ROC for the ROC operator to
monitor the sailing and also to get sufficient situational awareness in those cases where
the ROC operator needs to take over control or to update the mission.

e The vessel is able to handle situations in its vicinity through its autonomous navigation
system and situational awareness functionalities.

e A mission update is sent from the ROC to the ANS when changes to the mission are
needed. This avoids problems with latency of communication.

e The vessel notifies the ROC when it enters a fallback state, which needs to be handled by
the ROC.

Another important part of the mission is to ensure that the handover between the ANS
and the ROC operator is correctly handled, i.e., to ensure that sufficient information is
available among the mission data to send notifications between the vessel and the ROC
operator. This includes pre-planned actions defined by the ROC operator that must be
performed by the vessel, for instance the mission may contain certain waypoints where the
vessel shall stop, notify the ROC, and await acknowledgement or further instructions before
proceeding, such as bridges that needs to be opened before passing. This can also be the case
where the vessel shall do a transition between two voyage phases that require the ROC
operator to either do an action or to verify information before the vessel can proceed. One
example is that the remote operator must communicate with a lock operator via VHF before
entering the first lock chamber. Another example is to visually verify that the berth is clear
before initiating automatic mooring. A third example of an action point isa point where a pre-
planned transition from one operational mode to another is performed, e.g., from automatic
navigation to ROC operator-controlled navigation. This transition of operational mode may
for instance be needed when the vessel is about to enter a lock.
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2.5.3. GAP ANALYSIS OF EXISTING STANDARDS

IWW trafficisnot regulated through IMO by COLREG or SOLAS, but by regional and national

regulations. For Europe, CEVNI (European Code for Navigation on Inland Waterways)

regulates the navigation of most of Europe’s rivers, canals, and lakes [30]. Therefore the
regulations of inland ENC were analyzed. However, also definitions from IMO, to reuse as
much of existing definitions as possible.

For information that is specific for inland waterways, e.g., for locks, bridges, and the
signaling requirements when sailing on rivers and canals, information from the iENC
regulations was used.

The Mission Exchange Model is described as data types and data elements in a UML model

based on the IWW use case (first step), a walk-through of the following standards (step 2), and

a gap analysis of these:

e The S-421 standard (IEC 63173-1:2021) on route exchange [31] is reused when it comes to
the definitions of routes, legs, waypoints, action points, and the schedule with some
simplifications to reduce the complexity of the final data model.

e The current Inland ECDIS Standard Edition 2.4 [32] and the iENC Feature catalogue [25]
were used to identify specifics related to the IWW sailing, lock passing and bridge passing,
that is not covered by S-421.

e Theupcoming S-401-standard for Inland Electronic Navigational Charts [33],[26] was used
when it comes to information about port features.

e The EDIFACT message BAPLIE regarding the bayplan/stowage plan describing container
related data on weights and dangerous goods [34] was used when it comes to cargo
information needed by the IWW vessel.

e The reference model and list of data elements as described in the IMO compendium [35]
was used when it comes to static information about the vessel.

2.6 DESCRIPTION OF THE MESSAGE EXCHANGE MODEL (MEZ)

2.6.1. OVERVIEW

Figure 2-3 gives a simplified overview of the interaction between the ANS onboard the vessel
that is used during the mission execution and the person in the ROC that follows up on the
vessel.

The rounded boxes show different activities handled by the ROC operator and the vessel. The
arrows show transitions between these activities.

1. Green boxes: Initially, the ROC operator plans the mission for a vessel. The operator
uses the mission planning tool to set up the route, timetable, and action points. The
mission message is generated and sent to the vessel for approval and execution. During
the voyage, the ROC operator can also update the mission based on input received
during the monitoring or the controlling of the vessel.

2. Blue boxes:

a. After the initial planning of the mission has been done, the ROC operator
works in one of two modes: Remote control of the vessel or monitoring the
vessel.

b. The vessel either controls the sailing by executing the mission or it is passive
while being remotely operated by the ROC operator.
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Either the vessel or the ROC operator must be accountable for the operation of the

vessel, but not both at the same time. This means that when the vessel is executing

the mission, the ROC operator will monitor the vessel. When the ROC operator is

remotely controlling the vessel, the vessel is manually controlled and the ANS is

not used.

3. Light yellow boxes:

a. The vessel must continuously send its statuses and requests to the ROC for
further processing by the ROC systems and the ROC operator.

b. The ROC operator must interact with external persons and systems, both
during monitoring and during remote control operation.
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Figure 2-3: Phases and Interactions between Autonomous IWW Vessel and the ROC
Operator

The Mission Exchange Model contains of two parts: A) Mission planning data, that is needed
for the planning of the mission, and is sent from the ROC to the ANS, and B) the Mission
execution data that is sent from the vessel (ANS) to the ROC during vessel operation.

A) Mission planning data that are sent from the ROC to the ANS to inform the ANS about the
details of the passage from the berth in the departure port to the berth in the arrival port.
This describes the planned mission to be approved and executed by the ANS:

Planned route and planned actions, Section 2.6.2.

Planned schedule with planned actions, Section 2.6.3.

Mooring, Section 2.6.4.

Planned autonomy level, Section 2.6.5.
> Cargo, Section 2.6.6.

B) Mission execution data that are sent from the ANS to the ROC during execution of the
mission. This information comes in addition to the sensor data sent from the vessel to the
ROC, see Section 2.6.7.

In addition, there is information about infrastructure, that is, bridges, locks and overhead

cables, Section 2.6.8.

>
>
>
>
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Figure 2-4 gives an overview of the S-421 route exchange standard that the MEZ model builds
on. Further, Figure 2-5 gives an overview of the preliminary S-421 model with its attributes
that are used by this version of the MEZ. Version 2 of the S-421 will be approved later in 2026,
and for the usage together with the MEZ model, these classes should be replaced with the
newly approved S-421-model.

class Overview
Route
Schedule Waypoint ActionPoint
0.1 1
1
?’} 1
Leg

Figure 2-4: S-421 Route Exchange Overview

e § 421 sipifed bloroApil 2226
[pes Al bvieova 8 /

AbstractFeatureType |

«XSDcomplexTypen
Route

«XSDeloment»

+ routeFormatVersion: string

+  routeWaypoints: RouteWaypoints [0..1]

+  routeActionPolnts: RouteActionPoints [0..1]
«XSDattribute»

+  routeEditionNo: positivelnteger

+  routelD: string

AT AbstractFeatureType
«XSDcomplexTypen ';;53::'::'0':’;':::"
ints
RouteWaypoints
AbstractinformationType «XSDelement»
SXSDatemmcits +  routeActionPeint: RouteActionPoint [0..%]
«XSDcomplexTypen + routeWaypoint: RouteWaypoint [2..*] N -
RouteScheduleElement
«XsDelement» AbstractFeatureType AbstractFeatureType
+  routeScheduleElementNote: string [0..1] «XsDcomplexType» «XSDcomplexTypen
«XSDattributen RouteWaypoint RouteActionPoint
+ Type P |
R 0G: «XsDelement aXsDelement»
+  routeScheduleElementETD: dateThwe + geometry: GM_Point + routeActionPaintName: string [0..1]
+  routescheduleElementETA: dateTime ¥ routeWaypainthame: string[0.1] - i . . . . i yP
3 TOWS nthg + routsWaypolntiag: RouteWaypolntleg [0..1] «XSDattributen
+ i fter: integer 2N h [0..4] +  routeActionPointiD: positivelnteger
+ T integer «XSDattributen +  routeActionPointRadius: decimal [0..1]
+ h T integer +  routeWaypointiD: positivelnteger +  routeActionPointTimeToAct: decimal [0..1]
+  routeWaypointTurnRadius: RadiusType +  routeActionPalntRequiredAction: Route: Act tion
AbstroctFeatureType

«XsDcomplexTypen
RoutaWaypointleg

«XSDelement»
+  routeWaypointiaghote: string [0..1]
+ routeWaypointLegissue: string [0..1]
«XsDattribute»

+  routeWaypointLegStarboardXTDL: XtdType [0..1]
+ routeWaypointLegPortXTDL: XtdType [0..1]
+  routeWaypointLegStarboardCL: XtdType [0..1]
+  routeWaypointLegPortCL: XtdType [0..1]
. egSafetyContour: laca [0..1]
+ lace [0..1]
+ G ylype: > yType
+ £SOGMin i [0..1]
' gSOGMax: (0.1
+ g [0.1]
+ : 1{0..1]
+ ogDraft: i i (0.2
. egD F [0..1]
+ egDraftAft: IPlace [0..1]
+ egDraftMax: [0.1]
+ Al i lace [0..1]
+ [0..1)
+ egls [0.1]
+ 3 lace [0..1)
+ routeWaypointLegDynamicUKC: decimal [0..1]
IPlace [0..1]

Figure 2-5: S-421 Route Exchange classes (simplified version)
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2.6.2. PLANNED ROUTE AND PLANNED ACTIONS

Figure 2-6 shows the UML classes representing the data for planning the route legs and for
specifying action points. The light brown boxes are classes from the simplified S-421 Route
Exchange, while the green boxes represent additional classes defined to cover the IWW
mission planning. Class names are written in bold, while attribute names are written in italic.
An attribute in class Class is written as Class.attribute.

Geometry: The mission exchange model will allow action points that are either a point, a
circle with a position and a diameter, or a user defined space geometry. Several action
points can be defined for each route. They are linked directly to the route, and not
necessarily to a waypoint. The following extra data is needed for the mission exchange
model compared to S-421:

Extra data related to RouteActionPoint:

@)

IWW Autonomy Package - PU

The enumeration RouteActionPointRequired Action is extended with a value for
MissionAction to indicate that the action point is used in relation to a mission plan.
The attribute RouteActionPoint.routeActionPointRequiredActionDescription in S-
421 is a string. In this proposal, further description of the action point on a mission
was added by changing the type of this attribute to the enumerated type
RouteActionPointDescriptionType. This is useful to explain the type of action
related to a specific route action point. This can be for instance a radio calling-in
point, an area indicating a traffic signal station for a bridge or lock passing or port
entry and departure, or an area indicating that communication with VTS, locks,
bridge etc. can be done. These values are derived based on the Encoding Guide for
Inland ENCs[32]. In addition to this comes action point types to entering or existing
a geometry, or other notifications on arrival or departure times. Examples are to
notify the ROC operator when entering (ATA) or leaving (ATD) the action point
area, notify about the expected arrival time (ETA) or expected departure time
(ETD), or to instruct the ANS to notify the ROC operator when a green light or
unknown object is detected. The wvalue of attribute RouteActionPoint.
routeActionPointTimeToAct is used to describe the point in time when the
notification should happen, for instance how long before the ETA or ETD should
be given.

RouteActionPoint.ActionPointPlannedOperationalMode of enumerated type
ActionPointPlannedOperationalModeType is added to the RouteActionPoint.
Thisisused by the ROC operator to plan whether it is the ROC operator or the ANS
that is in control during the operation at a certain action point.
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Figure 2-6: Planned Routes with Planned Actions and Waypoints

Extra data related to RouteWaypointLeg between two Waypoints:
o A route is defined by a list of route waypoints, RouteWaypoint. The legs of the

IWW Autonomy Package - PU

route are defined between two route waypoints with information related to this
leg in RouteWaypointLeg. The RouteWaypointLeg instance is related to the
second of the two waypoints that define the leg. RouteWaypointLeg has
information about the centerline of the leg, the crosstrack distance to port and
starboard (routeWaypointLegPortXTDL, routeWaypointLegStarboardXTDL), and
the broader clearance to port and starboard defined by routeWaypointLegPortCL
and routeWaypointLegStartboardCL.

The following extra information is needed for the legs in the mission:

For each leg, the ROC operator plans a list of requests that the vessel must perform
for this leg in different situations. This is defined in the attribute
RouteWaypointLeg.ShipRequestWaypointLegAction of the enumerated type
ShipRequestWaypointLegActionType. Examples of these notifications include
information that the wvessel has moved outside the PortXTDL line or
StarboardXTDL line. It also includes notifications that the vessel has entered a
fallback state because the vessel has moved outside the PortCL line or StarboardCL
line. It can also be information to notify about uncertainty in object detection. We
expect that more values will be added here to handle other types of notifications.

In the attribute RouteWaypointLeg.LegPlannedOperationalMode, the ROC
operator can set the level of autonomy (InControl) and the notification deadline
(NotificationDeadline) for each leg.

Note that the planned speed over ground (SOG) for the leg is defined in the
attribute RouteScheduleElement.routeScheduleElementPlanSOG in the class
RouteScheduleElement as part of the S-421 standard. This means that the
RouteScheduleElement must be linked to the RouteWaypoint at the end of the
leg, that is, to the RouteWaypoint at the end of RouteWaypointLeg. This is done
either by having an attribute routeScheduleElement in the RouteWaypoint class
that links to the RouteScheduleElement (as in the simplified S-421), or by having
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the RouteScheduleElement referring to the RouteWaypoint (as in the proposed
2.0 version of S-421).

e Both RouteWaypointLeg and RouteActionPoint have an extra attribute
ROCPIlannedResponseToShip of enumerated type ROCResponseToShipType. This is the
description of what the ROC operator should do in response to the action from the ship. It
is the planned response that the ROC operator defines as part of the mission planning.
Typical values are to send acknowledge to the ship, contact bridge or lock operator,
approve green light, contact VTS or port authority, or to notify the ship that the ROC
operator will go to high attention mode or low attention mode, or that the ROC operator
plans to take over the control of the ship (remote control) at this point in the mission. These
planned actions by the ROC operator are described either on a leg or on an action point.

2.6.3. PLANNED SCHEDULE WITH PLANNED ACTIONS

Figure 2-7 shows in green the extra data type that is needed to describe the time schedule for
the waypoints in the route that are part of the mission, namely the
StrictMissionScheduleType. The light brown box shows the data type from the S-421 route
exchange standard, namely the RouteScheduleElement.

class With-5-421-V2.0-Message Exchange Model for Planning /

«XSDcomplexType»

RouteScheduleElement «InformationType,XSDcomplexType»

«XSDelement» StrictMissionScheduleType

+ routeScheduleElementNote: string [0..1] sstrictMissionschedule | «SimpleAttributen
«XSDattribute» |+ routeScheduleElementETAStrictWindowAfter: integer [0..1]
routeScheduleElementType: RouteScheduleElementType + routeScheduleElementETAStrictWindowBefore: integer [0..1]
routeScheduleElementPlanSOG: NonNegativeReal + routeScheduleElementETDStrictWindowAfter: integer [0..1]
routeScheduleElementETD: dateTime + routeScheduleElementETDStrictWindowBefore: integer [0..1]

routeScheduleElementETA: dateTime
routeScheduleElementETDWindowBefore: integer
routeScheduleElementETDWindowAfter: integer
routeScheduleElementETAWindowBefore: integer
routeScheduleElementETAWindowAfter: integer

+ 4+ 4+ k4

Figure 2-7: Planned schedules on waypoints

The RouteScheduleElement describes the ETA to the waypoint, the ETD from the waypoint,
and a time interval in number of minutes before and after the ETA and ETD. It also includes
the planned speed over ground to be used when approaching the waypoint. The time
intervals for entering and leaving a waypoint are the planned time intervals that the ANS
onboard need to adhere to. However, it will also be useful for the ANS to know the strict limits
of the time intervals for each waypoint when executing the planned route. These restrictions
may for instance happen due to closing hours of the locks and bridges, or because of the tide
that makes it necessary to reach a waypoint or leave a waypoint no later than at a specific
point in time. These restrictions are described in the data type StrictMissionScheduleType.

2.6.4. MOORING

For a mission to be completed, the ANS needs information about the mooring position and
how to moor and unmoor the vessel. For this information, some of the descriptions in the
standard S-131 on Marine Harbour Infrastructure can be used. These data types are further
described in [36]. Figure 2-8 shows the types for Berth and BerthPosition as examples on how
these can be defined in the MEZ.
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o With £-421-42.0 Mesaage Cachange Medll for Flanning

«FeatureTypen wFeatureTypes

Berth BerthPaosition
wSpatialattributes «XSDelements
+ geometry: GM_Curve +Borthp + locationByText: string [0..1]
«XSDelements I “® .+ bollardNumber: string [0..2]
+ locationByText: string [0..1] +  glNExtension: string [0..1]
+ uNLocationCaode: string [0..1] wSpatialAttributen
+ portFacilityNumber: string [0..1] + geometry: GM_Point

«XSDcomplexTypen
RouteActionPoint

«XSDelement»
+ routeActionPointName: string [0..1]

«XSDattributen
+ routeActionPointiD: positiveinteger
+  routeActionPointRadius: decimal [0..1] -
+  routeActionPointTimeToAct: decimal [0..1] e
+  routeActionPointRequiredAction: RouteActionPointRequiradiction

winfarmationType XSDeomplexTypas
RouteActionPointinfrastructureType

Figure 2-8: Data types for Berth and BerthPosition

2.6.5. PLANNED AUTONOMY LEVEL

According to the Central Commission for the Navigation of the Rhine [29], the level of
autonomy for IWW is one of the following modes of operation: No automation, steering
assistance, partial automation, conditional automation, high automation, or full automation.
However, the mission plan will need a simpler definition of the autonomy. Therefore, the
planned level of autonomy is described by the information shown in Figure 2-9. This gives an
overview of the data types needed to describe the planned level of autonomy for a whole
route (DefaultOperationalMode of type DefaultOperationalModeType), for a leg
(LegPlannedOperationalMode of type LegPlannedOperationalModeType), and for an action
point (ActionPointPlannedOperationalMode of type ActionPointPlannedOperationalMode).
The operational mode is described by who is in control and a notification deadline. The
notification deadline is the maximum time (in minutes) that the vessel will wait for a response
from the ROC operator, before the vessel goes to a fallback state. The autonomy level is
described by who is in control of the vessel: This can be either the ROC operator or the ANS
onboard the vessel. This party is both controlling the vessel and is also accountable, which
means that this party is capable of getting sufficient situational awareness in time to operate
safe. At each point in time, only one party can be in control.

class Wi 5-421-42.0-Whessage Exchange Modelfor Mancing 7

«XSDcomplexTypes
RouteWaypointLeg ‘class With 5 471.V2. 0 Message Exchange Model for Panning /

uXSDelement»
+ routeWaypointLegNote: string [0..1] «XSDcomplexType»
+ routeWaypointLeglssue: string [0..1] Route

«XSDattributes

routeWaypointLegStarboardXTOL: XtdType [0..1] XsDelements . : ) !“I"Eg:tlig,‘g:::::::dpel:‘:xpnn
routeWaypointLegPortXTDL: XtdType [0..1] + routeFormatVersion: string

routeWaypointLegStarboardCL: XtdType [0..1] + routeWaypoints: RouteWaypoints [0..1] | T «SimpleAttributes
routeWaypointLegPortCL: XtdType [0..1] + routeActionPoints: RouteActionPoints [0..1] + InControl: ActorType

r ointLegSafetyContour: gati hlDecimalPlace [0..1] uXSDattributen + NotificationDeadline: integer [0..1]
ro intl fetyDepth: Nol With1DecimalPlace [0..1] + routeEditionNo: positivelnteger

routeWaypointl yType: P ryType +  routelD: string
routeWaypointLegSOGMin: NonNegativeReal [0..1]
routeWaypointLegSOGMax: NonNegativeReal [0..1]

r ypointLegSTWMin: Nor iveReal [0..1]
routeWaypointLegSTWMax: NonNegativeReal [0..1] s Wi 5421 V23 Message Uchange Mosel o Panrieg /)
r ypointLegDraft: i ith1Deci 0..1]
i gati ith1DecimalPlace [0..1] «XSDcomplexTypen
1DecimalPlace [0..1] RouteActionPoint

iveRealWith2DecimalPlace [0..1] wlnformationType, XSOcomplexTypen
«XSDelements reratonsioce ActionPaintPlannedOperationalModeType
+ routeActionPointName: string [0..1]
XsDattributes

" gf
routeWaypointLegairDraftMax: NonNegativeRealWith2DecimalPlace [0..1]
routeWaypointL H h2DecimalPlace [0..1]
routeWaypeintLeglengthMax: NonNegativeRealWith2DecimalPlace [0..1]
routeWaypointLegStaticUKC: NonNegativeRealWithlDecimalPlace [0..1]

" «SimpleAttributen
+ InControl: ActorType

+

routeActionPointID: positivelnteger

Y

WO doamal 01 L
routeWaypointLegSafetyMargin: NonNegativeRealWith1DecimalPlace [0..1] routad " tion: RouteActh " iredAction
+ i wEnumerations
ActorType
ShipANS = 1

ROC operator = 2

«InformationType, XSDcomplexTypes
LegPlannedOperationalModeType

wsimpleAttributen
+ InControl: ActorType
+  NotificationDeadline: integer [0..1]

Figure 2-9: Data types for planned autonomy levels
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Cargodata may be needed as a part of the Mission Exchange Message in some cases. If present,
the Cargo data is related to the whole route, and may contain the following information,

Figure 2-10:

e The stowage location onboard the vessel

e ThelD of the container

e The UNDG number, hazard class and extra descriptions in case of dangerous goods

e The weight of the container

Also related to the container data, is the height of the vessel if stacked one, two or three on
top of each other. This data can be given as part of the vessel static data at the Route level.

class With-5-421-V2.0-Message Exchange Model for Planning /

«InformationType,XSDcomplexType»

«XSDcomplexType» ContainerData

Route

«XSDelement»
+ routeFormatVersion: string
+ routeWaypoints: RouteWaypoints [0..1] 0-1 0.
+ routeActionPoints: RouteActionPoints [0..1]
«XSDattribute»
+ routeEditionNo: positivelnteger
+ routelD: string

«SimpleAttribute»
Stowagelocation: string [0..1]
ContainerlD: decimal [0..1]
ContainerWeight: decimal [0..1]
DangerousGoodsinformation: string [0..1]
UNDG Number: string [0..1]
Hazard Class: string [0..1]

+Cargo

+ 4+ + + + +

Figure 2-10: Data types for Cargo

2.6.7. MISSION EXECUTION DATA

This section describes the data that is needed for the ANS to send to the ROC to notify about
the execution of the mission. This execution data comes in addition to the other ANS status
data that is sent to the ROC. Figure 2-11 shows the data model for the data that is needed to be
sent from the ANS to the ROC. The following data types are added to the existing classes in
the S-421 data model:

e Route:
(@]

Information about ShipDynamicData can be added to hold information about
the vessel's movement at the time of reporting from the ANS to the ROC. This
is defined as described in the IMO Compendium [35] with addition of the
postion.

ShipActualMissionData: This data type is used to send actual information
from the ANS to the ROC to indicate whether the ANS has approved the
mission, started the mission, or requested an update of the mission.

e RouteActionPoint:

O
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ShipActualRequest: This data type is used to send actual information from the
ANS to the ROC related to a specific action point. This can be a notification that
the vessel will enter or leave the area related to the action point. The type of
this area is one of those listed in the enumeration
RouteActionPointDescriptionType. The notification can be sent when
actually entering or leaving the area, or it can be sent in advance. Then, the
actual time for entering or leaving the area, is indicated by ETA and ETD,
respectively. An example is that the ANS can send a notification to the ROC,
saying that the vessel will arrive at a Communication Area Lock (see
RouteActionPointDescriptionType) at the time ETA. The ANS can also
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request the ROC to confirm a green light, to check an object that the SAS is not
able to identify, or it can be to notify about an ETA or ETD to an action point.

e RouteScheduleElement:

@)

The ANS can also give statuses on the schedule to the ROC and request a new
schedule. This is done by the data type ShipRequestNewScheduleType, where
the new ETA and ETD to the waypoint can be given. Alternatively,
information about how the time window will be violated, can be given as
indicated in the enumeration ShipRequestScheduleReasonType.

e RouteWaypointLeg:

O
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Also, the ANS needs to give information about the current position to the ROC
operator, to allow the ROC operator to assess the situation and to take action,
for instance to take over control of the vessel. This information is related to a
certain leg, as described in ShipActualWaypointLegRequest. The actual
position can be given by latitude and longitude. Alternatively, the position can
be an indication of whether the vessel is outside the crosstrack distance
(outside PortXTDL or Starboard XTDL), meaning that the ROC operator may not
need to take over immediately, but instead have time to handle the situation
in some other way. If the vessel reports to be outside the fallback corridor
(PortCL or StarboardCL), the ROC operator needs to take immediate action, since
the vessel has moved into a critical area compared to what has been planned
for this leg.

Funded by Grant Agreement:
the European Union 101136257




16

a
wih /
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«XSDcomplexTypen a
Route B
e
u«XSDelement» +
+ routeFormatVersion: string > fle
+ [0.1] +
+ A P : R A Points [0..1] +
wXSDattribute»
+ routeEditionNo: positivelnteger 0.1 o’
+ routelD: string
_wwwzmmwhnm/
«XSDcomplexTypes
RouteActionPoint
«XSDelement»
+ routeActionPointName: string [0..1]
«XSDattribute»
+ routeActionPointID: positivelnteger
+ dius: d I [0..1]
+ routeActionPointTimeToAct: decimal [0..1]
+ ActionPointRequiredAction: RouteActionPointRequiredAction
lass With Paning
«XSDcomplexType»
RouteScheduleElement
«XSDelement»
+ routeScheduleElementNote: string [0..1]
aXSDattributes
* ype: h Type
+ lanSOG: NonN
+ routeScheduleElementETD: dateTime
+ heduleEls A: d:
* heduleEl d fore: integer
+ heduleEl ETD +integer
+ ET) integer
+ tETAWI 1 integer
«XSDcomplexTypen»
RouteWaypointleg
uXSDelements
+ routeWaypointLeghote: string [0..1]
+ routeWaypointLeglssue: string [0..1]
«XSDattributer
+ routeWaypointLegStarboardXTDL: XtdType [0..1]
+ routeWaypointLegPortXTDL: XtdType [0..1]
+ routeWaypointlLegStarboardCL: XtdType [0..1]
+ routeWaypointLegPortCL: XtdType [0..1]
+ fetyContour: ega IPlace [0..1]
+ h IWith1D IPlace [0..1]
ki yType: yiype
+ 1]
+ [0..1]
+ LegSTWMin: [0.1)
+ LegSTWMax: [0..1]
+ LegDraft: lace [0..1]
+ rward: IPlace [0..1]
+ ft gal IPlace [0..1]
+ gDraft IPlace [0..1]
+ D IWith2De lace [0..1]
+ IV [o..1]
+ egl hiy lace [0..1]
o IntL - N iveRaalWith1D [0..1]
+ routeWaypointLegDynamicUKC: decimal [0..1]
+ intL lace [0..1]

Figure 2-11: Mission execution data

2.6.8. [INFRASTRUCTURE DATA

It will also be useful for the execution of the mission, to have information about bridges, locks
and overhead cables that must be passed during the voyage. Figure 2-12 gives an overview of
this. This data model is set up based on the manually created classes based on information
from the Inland ENC Harmonization group Draft Encoding guide for Inland ENCs, 2024, [32].
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In additionit may be necessary to know the sequence of lock basins to enter as described in
LockNavigation.
7

«XSDcomplexType»
RouteActionPoint

«XSDelement»
+ routeActionPointName: string [0..1]
«XSDattribute»

+
+ routeActionPointRadius: decimal [0..1]

+  routeActionPointTimeToAct: decimal [0..1]
5 4

Figure 2-12: Data model for bridge, lock and overhead cable information

IWW Autonomy Package - PU Funded by Grant Agreement:
the European Union 101136257




18

3 DEMONSTRATION OF THE MEZ ON AN USV IN THE
TRONDHEIMSFJORD

3.1 DEMONSTRATION SETUP

The MEZ will be implemented by Maritime Robotics and tested during the demonstration
event of the AUTOFLEX project.

As part of the preparations for this demonstration, a subset of the MEZ was tested during a
scaled demonstrator with the ROC and the USV OtterX from Maritime Robotics [37],in a small
canal in the Trondheim city centre in Norway.

The scaled demonstration aimed at validating navigation according to a mission as follows,
Figure 3-1: Navigate from a starting point along a predefined track. At action point 1, notify
the ROC that the bridge operator must be contacted for opening the bridge. Continue
navigation to action point 2, stop and hold position until confirmation is received from the
ROC that navigation can commence. Continue navigation to action point 3, stop and hold
position for further instructions.

Ham, aloery

A2: Wait

Load mission
and start

3 Py

RGata
o1
&

= “\ ) = -,
Description

Centerline of RouteWaypointLeg

RouteActionPoint.geometry and Radius

Action point 1: Notify ROC - call bridge operator

Action point 2: Stop and hold position, wait for command to proceed
Action point 3: Stop and hold position, wait for further instruction

Figure 3-1: Mission for the demonstration
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3.2 REPORT FROM DEMONSTRATION WITH OTTERX

The demonstration was conducted on June 13™ 2025. All planned features and objectives
were successfully demonstrated. The initial conditions of the demonstration were that the
OtterX waspositioned at the planned starting point and confirmed to be in correct operational
state, Figure 3-2.

&
L&

Figure 3-2: USV OtterX and‘ROC ready for demonstration

The demonstration was started by the ROC uploading the Mission Exchange Message to the
OtterX, Figure 3-3. Then, the ROC initiated the mission by giving a command to the OtterX.
The OtterX started tracking the route autonomously, at the pre-defined speed, while the ROC
operator continuously monitored the execution of the mission. Upon reaching action point
Al, the OtterX notified the ROC that it needed to contact the bridge operator for negotiating
bridge opening, triggering a prompt to the operator, see Figure 3-4. The ROC contacted the
bridge operator via phone and coordinated the bridge opening. Meanwhile, the OtterX
proceeded to action point A2 where it stopped and held position, awaiting confirmation from
the ROC that it could continue tracking the route, see Figure 3-5. The ROC operator visually
confirmed that the bridge was open and light signal indicated clearance, before sending a
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continue mission command to the OtterX, Figure 3-6. The OtterX resumed autonomous
navigation along the preplanned route. Upon reaching action point A3, after clearing the
bridge, the OtterX stopped and held position, awaiting further instructions from the ROC,
Figure 3-7.

Figure 3-4: Prompt notification to ROC operator, OtterX position and action point Al

Figure 3-5: Prompt displaying that OtterX is awaiting confirmation to proceed. OtterX at
A2 position
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Figure 3-6: Operator using onboard SeaSight camera to confirm bridge opening and clear
for passage.

{ .V'.."q
S T

,.u"'\?gi N

Figure 3-7: OtterX autonomously navigating to final action point A

A short video from this demonstration is available on the Maritime Robotics YouTube

channel: https://www.youtube.com/watch?v=FjLLTvTgqr0.
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4 Sensors for situational awareness

4.1 OVERVIEW

The autonomy package relies on a multi-sensor perception pipeline that combines optical
camera data, radar, Automatic Identification System (AIS) information, and LiDAR point
clouds to build a robust and redundant picture of the vessel's surroundings. Each sensor
contributes complementary strengths: the camera provides dense visual context and supports
classification of object type, radar provides long-range detection and tracking of objects
largely independent of weather and light conditions, AIS provides cooperative identification
and kinematic data for equipped vessels, and LiDAR provides accurate range and bearing
measurements independent of lighting conditions and without reliance on cooperative
signalling.

As part of Task 4.5, a suite of relevant sensors and a situational awareness package were
installed and operated on the MS Sorrento (MMSI: 205289590) from November 2024 to
January 2026 (see Fuigure 20). The vessel regularly services the Ghent-Terneuzen route and
surrounding waters.

The package included:

e SeaSight 360 camera system

o Ouster LIDAR

e On-Board Computer with remote communication
e AIS/GPS Antenna

$ MS Sorrento - Installation

AIS/GPS Antenna

Ouster OS1-64
SeaSight 360

On-Board Computer

Figure 4-1: Situational Awareness package installed on MS Sorrento

It should be noted that radar data was not available in the dataset collected from the region
where the demonstration will take place, as the data collection vessel (Sorrento) was not
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equipped with a radar at the time of data collection. Radar is nonetheless included in the
sensor package description below, since it forms part of the intended onboard sensor suite
and its data handling is described here for completeness. It will also be part of the full scale
demonstration on MS Letitia.

4.1.1. CAMERA DATA

Raw video is captured continuously from the panoramic camera system at a fixed frame rate
and resolution, and stored together with a precise timestamp for later synchronization with
the other sensor streams. To build a dataset that is representative of real operating conditions,
footage is collected across a range of scenarios, including varying light levels (daylight, dusk,
overcast), sea states, vessel traffic densities, and distances to target objects. Individual frames
are extracted from the recorded video at set intervals or triggered by events of interest, and
these frames form the basis for the image dataset used in the annotation and training process
described below.

4.1.2. RADAR DATA

The radar included in the sensor package supports built-in object tracking, meaning that in
addition to the raw radar image (the plot of returned echoes), the radar itself produces a set of
tracked targets, each with an estimated position, course, and speed derived from successive
scans. Both the raw radar image and the tracked target data are intended to be logged,
together with a timestamp for synchronization with the other sensor streams. Storing the
tracked target output, rather than only the radar image, allows the tracking already
performed onboard the radar unit to be reused directly in the perception pipeline, without
needing to re-derive target motion from the raw image alone.

As noted above, radar data is not present in the dataset already collected from the
demonstration region, since the vessel used for that data collection (Sorrento) was not fitted
with a radar. The description above reflects the intended data handling for the radar once it
is available as part of the full sensor package.

4.1.3. AISDATA

AIS messages received on board are logged in parallel with the camera and LiDAR streams.
Each AIS message provides identifying information (MMSI, vessel name, and vessel/cargo
type where reported) together with kinematic data such as position, course over ground
(COG,), speed over ground (SOG), and heading. Because AIS positions are given in absolute
geographic coordinates, they are converted into a range and bearing relative to the ownship
position at the corresponding timestamp, so that they can be directly compared against visual
and LiDAR detections expressed in the vessel's own reference frame. AIS logging is
timestamped using the same reference clock as the other sensors to allow precise temporal
alignment.

4.1.4. LIDAR DATA

The LiDAR sensor produces a continuous stream of point clouds describing the range and
bearing of reflective surfaces around the vessel. Point clouds are recorded together with a
timestamp and are later associated with a fixed extrinsic calibration that describes the
LiDAR's position and orientation relative to the camera and to the vessel's own coordinate
frame. This allows LiDAR returns to be projected into the camera's field of view, and
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conversely allows visually detected objects to be assigned a distance estimate from the
corresponding LiDAR returns.

4.2 |IMAGE ANNOTATION FOR VISUAL OBJECT DETECTION

To enable automatic detection and classification of vessels and other relevant objects in
camera imagery, a subset of the collected frames is manually annotated. Annotation consists
of marking each obiject of interest in an image with a bounding box and assigning it a class
label from a predefined taxonomy (for example: vessel, buoy, person in water, or other
maritime obstacle). This produces a labelled dataset in which each raw image is paired with a
corresponding annotation file describing the location and class of every relevant object
present.

The annotation process follows a structured workflow:

e Class taxonomy definition: object categories relevant to the operational domain are
defined in advance, so that annotations are applied consistently across the dataset.

e Manual labelling: annotators use a dedicated annotation tool to draw bounding boxes
around each object and assign the correct class.

e Quality control: a sample of annotated images is independently reviewed by a second
annotator to check consistency and catch labelling errors, and ambiguous cases are
resolved against the agreed taxonomy definitions.

e Dataset splitting: the final labelled dataset is divided into training, validation, and test
subsets, ensuring that images from the same recording session are not spread across
multiple subsets, to avoid overly optimistic performance estimates.

e Augmentation: standard image augmentation techniques (such as
brightness/contrast variation, horizontal flipping, and scaling) may be applied to
increase the effective size and diversity of the training set without requiring
additional manual annotation.

The resulting labelled dataset is used to train a modern, real-time, single-stage deep learning
object detector. Single-stage detectors of this kind process an entire image in one pass through
a convolutional neural network and directly output bounding boxes and class predictions,
which makes them well suited to real-time operation on embedded hardware such as the
onboard compute platform used for video processing in the sensor package.

The following figures show representative examples of raw camera frames alongside their
corresponding annotated versions, illustrating the bounding boxes and class labels applied
during the annotation process.
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Figure 4-2: Examples of raw camera frames used in the annotation process
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4.3 COMBINING VISUAL DETECTIONS WITH RADAR, AIS, AND LIDAR
INFORMATION

Once objects have been detected and classified in the camera imagery, this information can
be combined with radar, AIS, and LiDAR data to produce a more complete and reliable
situational picture than any single sensor could provide on its own.

Visual detections combined with LiDAR: using the extrinsic calibration between the camera
and the LiDAR sensor, LIDAR points falling within a detected object's bounding box can be
used to estimate the object's distance and bearing relative to the vessel. This adds a metric
range estimate to an otherwise image-based detection, and also allows LiDAR returns that do
not correspond to any visually classified object to be flagged as unidentified obstacles
requiring further attention.

Visual/LiDAR detections combined with radar tracks: the tracked targets produced by the
radar's own tracking function can likewise be expressed relative to the ownship and matched
against visual and LiDAR detections within a similar range and bearing window. Because
radar tracking already provides an estimated course and speed for each target, a successful
match gives an additional, independent kinematic estimate for a detected object, and helps
maintain track continuity for objects that are temporarily outside the camera's field of view
or occluded, since radar coverage and range typically exceed those of the camera and LiDAR.

Visual/LiDAR/radar detections combined with AIS: AlIS-reported positions, once converted
to a range and bearing relative to the ownship, can be matched against visual, LIDAR, and
radar-tracked detections that fall within a similar range and bearing window at the same
point in time. A successful match allows a detected object to be associated with the additional
identifying and kinematic information carried in the AIS message (vessel identity, course, and
speed), increasing confidence in the classification and providing early indication of the target's
intended movement. Objects that are detected by camera, LiDAR, or radar but cannot be
matched toany AlSreport are treated as non-cooperative targets, i.e. objects without an active
or correctly functioning AIS transponder, and are handled accordingly by the perception
pipeline.

Together, this combination of sensor modalities allows the perception pipeline to cross-
validate detections across independent data sources, improve classification confidence, and
maintain awareness of both cooperative (AIS-equipped) and non-cooperative objects in the
vessel's vicinity, forming the basis for the situational picture used by the autonomy functions.
The extensive datasets gathered during operations on the Ghent-Terneuzen Canal, a vital and
highly congested inland waterway for commercial cargo transport, served as the foundation
for the machine Ilearning development withing the AUTOFLEX project.
By training models on these vast volumes of real-world data, advanced algorithms specifically
optimized for real-time object detection in dense inland shipping environments can be
developed. The accompanying figures showcase selected frames from the vessel's voyages,
demonstrating the algorithm's capability to accurately map and identify potential hazards
and traffic along this critical cargo route.
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5 TESTING AND MEZ DEMONSTRATION ON IWW VESSEL

5.1 THE DEMONSTRATION VESSEL MS LETITIA

The full-scale demonstration activities in the AUTOFLEX project are planned to be carried
out on board the inland container vessel MS Letitia (see Figure 5-1), operated by the HTS Group
and sailing under the German flag for its subsidiary MTS Duisburg. The vessel was selected as
the AUTOFLEX demonstration platform because it is already equipped with the Argonics
argoTrackPilot track-keeping system, providing an established and field-proven automation
interface onto which the AUTOFLEX autonomy functions can be integrated and validated.

MS Letitia is a modern inland container vessel of 135 metres length and 17.10 metres beam,
with a cargo capacity of six container rows abreast. The hull was designed and built by
Rensen-Driessen Shipbuilding, and the vessel was outfitted by Olthof Marine Group in
Capelle aan den IJssel, with delivery in November 2024. The vessel operates on a fixed trade
between Rotterdam/Antwerp and Duisburg.

Figure 5-1: Picture of MS Letitia (source: https://www.rensendriessen.com/ships/letitia)

The vessel features a hybrid zero-emission propulsion arrangement: two 1.6 MW electric
main motors supplied by Oswald, a 1.2 MW hydrogen fuel cell installation, and a battery
capacity of 1.03 MWh, enabling fully electric or hydrogen-electric operation on its regular
route. Four diesel generator sets are installed solely as backup for contingency situations.
Through this configuration, MS Letitia is the first fully zero-emission inland vessel operating
on the Rhine, and forms part of the RH2INE initiative for a hydrogen-based green corridor on
the Lower Rhine.

Beyond its propulsion concept, the vessel was designed and prepared for autonomous
navigation from the outset, with an extensive sensor outfit including cameras, radar and
high-precision positioning. This readiness has already been demonstrated in practice: within
the EU-funded MAGPIE project, MS Letitia completed an autonomous terminal-to-terminal
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voyage in the port of Rotterdam, sailing from Amaliahaven on the Maasvlakte via Europoort
and the Nieuwe Waterweg to Waalhaven.

The combination of a proven track-keeping system, and an operator experienced with
automation trials makes MS Letitia a well-suited platform for demonstrating the AUTOFLEX
autonomy concept under realistic operational conditions. The following sections describe the
Maritime Robotics onboard system (OBS) installed on the vessel for this purpose, covering its
architecture, sensor integration and interfaces to the existing vessel systems.

Table 5-1: Key particulars of the selected demonstration vessel MS Letitia

Particular Value

Vessel Name MS Letitia

Type Inland container vessel (motor freighter)

Length overall 1350 m

Beam 1700 m

Container capacity Six rows abreast

Owner / operator HTS Group / MTS Duisburg (German flag)

Hull Rensen-Driessen Shipbuilding

Outfitting Olthof Marine Group, Capelle aan den |Jssel (delivered
November 2024)

Main propulsion 2 x 1,600 kW electric motors (Oswald)

Energy system 1.2 MW hydrogen fuel cells; 1,030 kWh battery; 4 diesel
generator sets (backup only)

Trade route Rotterdam/Antwerp — Duisburg

Track-keeping system Argonics argoTrackPilot

5.2  MARITIME ROBOTICS INSTALLATION ONBOARD

To execute the demonstration, certain product installations are required. The core
developments being demonstrated are the Maritime Robotics sensor package and
autonomous controller. However, their operation relies on an advanced track pilot and
position pilot.
Because the vessel was pre-equipped with the necessary Argonics system during its
construction phase, this foundational infrastructure is already in place.

Figure 5-2 below illustrates the equipment layout onboard the Letitia, where the blue line
represents the network.

1) Argonics system (autopilot) - the vessel's integrated system

2) Maritime Robotics onboard Vehicle Control Station (a laptop PC)

3) Maritime Robotics SeaSightX camera modules

4) Furuno Radar DRS4D-NXT

5) Maritime Robotics SeaSightX edge compute module

6) OBS-Computer: No longer applicable, moved to position 8

7) Fiber Switch

8) Rear facing SeaSightX camera modules with LIDAR. Maritime Robotics SeaControl PC

and Radar PC (On Board System), 4G/5G router and GNSS antenna
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Figure 5-2: The equipment layout on board the Letitia

5.2.1. SEACONTROL ON-BOARDSYSTEM (OBS)

The OBS comprises software and hardware that allows the vessel to navigate automatically
based upon control input from the operator. The OBS contains higher-level control and
guidance control algorithms, interface to navigation sensors and means to control the vessel
through low-level control systems.

5.2.1.1. Interface to 3rd party low-level control systems
Low-level control and safety functions will be achieved through an interface to 3rd party
DP/maneuvering and Autopilot systems, which may also provide autodocking and
autotransit functionality. The low-level control system interface also interconnects the
Integrated Automation (and Alarm) System (IAS), providing access to most of the
instrumentation onboard, especially the essential vessel components relevant for
autonomous navigation.

5.2.1.2. Navigation Sensors
The SeaControl OBS provides an interface to navigation sensors for own-ship state and
environmental forces estimation. The navigation sensors may be provided by the vessel’s
system integrator and installed by the shipyard. The typical navigation sensorsinterfaced are
Compass, GNSS-INS, MRU, and Wind sensors. These sensors provide information that is fused
with information from SeaSight exteroceptive sensors for situational awareness, described
below.

5.2.2. VEHICLE CONTROL STATION (VCS)

The Maritime Robotics VCS software allows the operator to control the vessel either onboard
or over a remote communication link. The software has a built-in chart engine with sensor
input and audio/video system capable of providing the operator with the necessary
information for perception of the elements in the environment, comprehension of the current
situation, and projection of future status (the 3 levels of situational awareness) to be able to
operate safely. VCS will be available as a scaled down version onboard, running on a laptop.
More details about the VCS software are described under the chapter describing ROC.
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5.2.3. SEASIGHT FOREMAST

Four SeaSightX camera modules will be installed on the foremast of the vessel. The modules
are mounted on a bracket that has been custom-designed and purpose-built for this particular
vessel, ensuring a secure and stable installation adapted to the geometry and structure of the
foremast. The compute module will be mounted on top of the bracket holding the radar.

The mounting position has been carefully calculated to provide the camera modules with
maximum visibility of the surrounding traffic and sea areas around the vessel. This elevated
placement ensures an unobstructed field of view, which is essential for reliable situational
awareness and for the perception functions of the autonomous navigation system during the
demonstration activities.

The installation is temporary in nature. The bracket has been specifically designed so that the
installation does not cause any permanent damage or structural modification to the vessel.
Upon completion of the demonstration activities, the equipment and bracket can be removed,
restoring the foremast to its original condition.

Figure 5-3: The SeaSightX camera module

5.2.4. RADAR FOREMAST

A X-band Radar dedicated for Situational Awareness will be installed in the foremast of the
vessel. The unit is mounted on a bracket that has been custom-designed and purpose-built for
this particular vessel, ensuring a secure and stable installation adapted to the geometry and
structure of the foremast.

The mounting position has been carefully calculated so that the radar lobe does not interfere
with the vessel's existing navigation radar. The placement has been assessed and approved,
ensuring that the additional radar can operate without degrading the performance or
coverage of the certified navigation equipment already in use on board.

The installation is temporary in nature. The bracket has been specifically designed so that the
installation does not cause any permanent damage or structural modification to the vessel.
Upon completion of the demonstration activities, the equipment and bracket can be removed,
restoring the foremast to its original condition.
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Figure 5-4: The radar foremast

5.2.5. SEASIGHT CL WITH LIDAR AFT MAST

SeaSight CL is a compact, integrated 360-degree camera unit with an embedded lidar sensor,
designed to provide close-range situational awareness around the vessel.

The unit is equipped with high-resolution electro-optical (EO) cameras covering the full 360-
degree field of view around the vessel. The panoramic image is presented to the operator with
digital pan, tilt and zoom functionality, allowing any sector around the vessel to be inspected
in detail without any moving parts. The absence of mechanical pan-tilt mechanisms increases
reliability and reduces maintenance requirements, while still offering the operational
flexibility of a traditional PTZ camera.

In addition to the camera array, the unit incorporates a lidar sensor providing accurate three-
dimensional detection and ranging of objects in the immediate vicinity of the vessel. The lidar
complements the camera-based perception by providing precise distance measurements
independent of lighting conditions, which is particularly valuable during close-quarter
maneuvering, berthing and unberthing operations, and for detecting small objects on the
water surface close to the hull.

The SeaSight CL is installed as a self-contained unit, fully independent of the SeaSightX
camera installation in the foremast. This independence serves two purposes. First, it provides
sensor redundancy: the two installations are separated both physically and functionally, so
that a fault affecting one installation does not degrade the other. Second, the two systems
have complementary coverage: the foremast installation provides long-range panoramic
overview of the surrounding traffic and sea areas, while the SeaSight CL provides detailed
close-range awareness around the vessel itself.
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Figure 5-5: The SeaSight CL with LIDAR aft mast

5.3 REMOTE OPERATION CENTER (ROC)

The Remote Operations Center (ROC) concept developed by Maritime Robotics is founded on
a principle of flexibility and scalability. Rather than prescribing a single fixed configuration,
the ROC has been designed as a modular concept that can be realised at any level of ambition,
ranging from a single laptop providing basic remote control capability, up to a fully equipped,
dedicated control room (see Figure 5-4) ashore with multiple operator stations. The
underlying software and system architecture remain the same across all configurations; what
varies is the physical realisation, the number of displays, and the ergonomic environment
provided to the operator.
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Figure 5-6: ROC screen setup offers flexible display of situational awareness and control
tools

At the upper end of the scale, normal operations are conducted from a well-equipped ROC
room on shore. Such a room is fitted with several dedicated screens, each presenting a distinct
element of the operational picture. A typical configuration includes a dedicated chart display
presenting the electronic navigational chart with the vessel's position, planned route and
surrounding traffic; a radar display presenting the radar picture from the vessel, an EO
(electro-optical) video display presenting the panoramic daylight camera feed; an LWIR (long-
wave infrared) video display presenting the thermal camera feed for low-light and night
operations; a display for the feed from the PTZ (pan-tilt-zoom) camera, allowing the operator
to visually inspect objects or areas of particular interest; and a conning screen presenting the
essential vessel parameters such as heading, speed, propulsion status and rudder or thruster
feedback, together with the alarm list providing a consolidated overview of active alerts and
system warnings. This multi-screen arrangement gives the operator a comprehensive and
continuously updated situational awareness, comparable to, and in some respects exceeding,
what would be available on the bridge of the vessel itself.
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Figure 5-7. Operating vessel missions from a laptop anywhere makes remote control
flexible and convenient

At the other end of the scale, the same vessel can be monitored and controlled from a single
laptop. In this minimal configuration, the operator accesses the same underlying data streams
and control functions, presented in a condensed form on a single display. While this
configuration does not offer the same ergonomic qualities as a dedicated control room, it
provides full functional capability, and it demonstrates a key property of the concept: the ROC
is defined by its software and its connectivity, not by any particular physical installation.

This flexibility serves several operational purposes. First, it allows the ROC to be dimensioned
according to the operation at hand. A demonstration campaign, a survey operation and a
permanent commercial service have very different requirements, and the ROC can be
tailored accordingly without changes to the underlying system. Second, it provides inherent
redundancy. The laptop configuration can serve as an emergency solution: should the
primary ROC become unavailable, whether due to power failure, loss of connectivity at the
shore facility, or any other disruption, control of the vessel can be re-established from a laptop
at another location. This layered approach ensures that the loss of any single control facility
does not imply the loss of the ability to monitor and control the vessel. Third, the same
flexibility supports mobile and deployable configurations. The ROC can be established in
temporary premises, in a containerised solution, or on board another vessel, wherever
suitable connectivity can be provided.

In summary, the ROC should be understood as a concept and a capability rather than a specific
room. The operator organisation is free to choose the physical realisation that best matchesits
operational needs, safety requirements and available infrastructure, from the minimal single-
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laptop setup to the full multi-screen shore control room. The functional core, however, is
common to all of these realisations, and is provided by the Vehicle Control System (VCS),
Maritime Robotics' software suite for remote monitoring and control, which is described in
the following chapter.

5.4 VEHICLE CONTROL SYSTEM (VCS)

The Vehicle Control Station (VCS) shows relevant telemetry and status data received from
the USV over the selected available communication link. It allows the operator to define
reference states in order to maneuver the vessel using the modes of operation, as described in
the OBS section.

If the selected communication link drops out and communication can’t be reestablished
within a certain time interval, the system will enter a defined fallback state. The design of
VCS and OBS facilitates an effective way of controlling a USV remotely by cleverly exposing
all relevant features in an integrated vehicle control software. This enables scalability and
support for both single compact screen (Grab bag) and multi-screen (Bridge and ROC) setups.
An operator can therefore be presented with a familiar user interface when moving between
stations, and several operators can cooperate in complex operations while referring to the
same VCS features at different locations, e.g. on-board, at ROC, and on a mother/support
vessel, significantly enhancing operational safety.

VCSdesign is based on the Open Bridge design Guidelines, which is built on modern principles
of user interface and workplace design, and human-centered design practices, adapted to
maritime context and regulations. An overview of the VCS user interface is shown below
followed by a brief description of the main components. More information and the use of all
features can be found in the VCS User Manual.

Figure 5-8: The VCS (Vehicle Control System) design
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Topbar (1)

Left side panel (2)

Toolbar (3)

Right side panel
(4)
Map view (5)

Navigation panel
(6)
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Table 5-2: The components of the VCS design

Description
Provides a consistent way for accessing critical functions. On the left side
it shows the name of the current window (Mission Control, Conning,
etc.), the vehicle and communication channel selector, and the USV
operating mode selector. On the right side it shows current time, alerts,
color palette selector, and the application launcher.
Contains one or more tabs showing information about integrated
sensors and payloads onboard, mission planning, or objects selected in
the map view.
Provides easy access to functions commonly used together with the
map. Includes buttons for showing and hiding the side panels, man-
aging radar tracks, centering the map on the USV, managing points of
interest, and configuring which map layers to show.
Similar to the left side panel, it contains one or more tabs showing at
least the “Instruments” tab.
Shows where the USV is located in the world, what it is doing, what the
surroundings look like, and much more. This is the centerpiece of the
VCS application and is where most things related to driving the USV
happens. Different user interface controls are exposed depending on
the USV's active operating mode.
Shows the current Speed Over Ground (SOG), Course Over
Ground (COQG), Heading (HDG), and allows setting setpoints for these
values if the USV is in an operating mode that supports it. Depending on
the mode, additional options are made available in a popup window.
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6 RTZ ROUTE PLANNER TOOL

As part of Task 4.6, Fraunhofer CML developed the RTZ Route Planner, a desktop application
that enables ROC operators to create, edit, and export mission-compliant route filesin the RTZ
format extended with MEZ action point data. The tool was developed in Python using the
PyQt5 framework and provides a graphical interface that bridges the gap between route
planning practice and the MEZ data structure described in Chapter 2. While the preceding
sections of this chapter describe the data model and format underpinning the MEZ, the Route
Planner provides a concrete implementation through which an operator can compose a
complete mission package ready for transfer to the ANS.

6.1 OVERVIEW AND PURPOSE

The RTZ Route Planner addresses a practical need identified during the development of the
MEZ: existing route planning tools do not support the MEZ extensions for autonomous inland
waterway navigation, in particular the action point concept, scheduled ETAs and ETDs per
waypoint, and the ROC notification requirements. The Route Planner provides a standalone
tool that supports the full MEZ planning workflow without requiring integration into an
existing ECDIS or navigation system.

The tool was developed by Fraunhofer CML and validated against the Vehicle Control Station
(VCS) of the Maritime Robotics SeaControl system. A test route covering the Ghent-
Terneuzen Canal (Kanaal Gent-Terneuzen), a key inland waterway stretch relevant to the
AUTOFLEX project, was used to verify that routes exported from the tool are correctly parsed
and displayed in the VCS, including waypoint coordinates, cross-track tolerances, waypoint
schedules, and action point radii.

Figure 6-1 shows the Route Planner interface with the Ghent-Terneuzen test route loaded.
Waypoints are shown as numbered markers; the MEZ action points at Sas van Gent Bridge,
Sluiskil Bridge, and Terneuzen Lock are indicated by circular trigger-radius overlays.
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6-1: RTZ Route Planner — map view with Ghent-Terneuzen route and MEZ action

point overlays

6.2

KEY FEATURES

The Route Planner provides an interactive map-based interface built on the Leaflet web
mapping library, rendered inside the application via an embedded browser widget. Operators
can place waypoints on the map by clicking or by entering coordinates manually, and can edit
all route parameters through a structured waypoint table. The application supports the
following capabilities:

IWW Autonomy Package - PU

Waypoint management: Add, edit, reorder, and delete waypoints with geographic
coordinates, port/starboard cross-track distance tolerances (in nautical miles), and
turning radius (in nautical miles). Waypoints are rendered on the map with a route
line connecting them.

Schedule entry: Per-waypoint ETA and ETD can be specified in ISO 8601 datetime
format. These are stored as routeScheduleElement attributes in the exported RTZ file,
consistent with the MEZ planned schedule data model described in Section 2.6.3.

Action points: Any waypoint can be designated as a MEZ action point. For each action
point, the operator specifies a trigger radius (in nautical miles), a required action
description for the ANS, and the ROC operator response expected when the vessel
reaches the action point. These fields correspond to the routeActionPoint extension
defined in the MEZ. The action point location defaults to the linked waypoint
coordinates and is also stored as a GM_Point geometry for compatibility with the MEZ
spatial data model.

Infrastructure data: Infrastructure elements such as bridges and locks can be imported
from a JSON file and displayed on the map as overlay markers. Once loaded, the
operator can associate infrastructure data with specific waypoints to include it in the
route extension output.

Export and import: Routes can be saved and loaded in the extended RTZ format. The

tool also provides an XML preview tab allowing the operator to inspect the raw file
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before export. The application can be distributed as a self-contained Windows
executable compiled with PyInstaller, requiring no separate Python installation.

6.3 OUTPUT FORMAT

The exported file follows the RTZ schema (IEC 61174) with MEZ extensions encoded within
the routeExtensions element. Each waypoint leg carries a routeWaypointLeg element with
port and starboard cross-track tolerances in nautical miles. Waypoints with schedules carry
a routeScheduleElement with ETA and ETD attributes. Action points are encoded as
routeActionPoint child elements of the waypoint extension, containing the trigger radius,
required action description, planned ROC response, and GM_Point position geometry at six
decimal places of coordinate precision.

Figure 6-2 shows an excerpt from the RTZ+MEZ file exported by the Route Planner for the
Ghent-Terneuzen route, illustrating waypoint 3 (Sas van Gent Bridge) with its per-waypoint
schedule and the corresponding MEZ action point encoded in the extensions block.

<?zml werzion="1.0" encoding="utf-8"2>

<route xmlns="http://www.cirm.org/RTZ/1/2" wversicn="1.2">
<routelnfo routeMame="Chent tc Terneuzen" routefuthor="Fraunhcfer CML"/>
<Waypoints>

<routeWaypoint routeWaypointID="3"
routeWayvpointName="5a3 van Gent Bridge"
routeWaypointTurnRadius="0.100000">
<gecmetry><positicn>
<coordinates>51.225%385%< /coordinatess>
<coordinates>3.807460</coordinatess
</position></geometry>
<routeScheduleElement
routeScheduleElementETA="2026-04-26T10:00: 002"
routeScheduleElementETD="2026-04-26T10:30: 002" />
<routeWaypointleg
routeWaypointLegPortXTDL="0.0540™
routeWaypointlegStarboardi{TDL="0.0540" />
</routeWaypoint>

</waypoints>
<extensions>
<extension name="MEZ" manufacturer="Fraunhofer" wversiocn="1.0">
<routelctionPoints>
<routefctionPoint routelctionPointID="1"
routeRctionPointRadius="0.100"
wavpointId="3">
<routefctionPointBequiredicticnDescriptions>
Bridge passing
</routeRctionPointRequiredfcticonDescriptions
<ROCFlannedResponseTaShips>
Contact Bridge Operator
</ROCFlannedResponseTaShips>
<GM Point»<positions
<coordinates»5l.22B266</coordinates>
<coordinates>3.803633</coordinates>
</position></GM Point>
</routeActionPoint>
</routehctionPoints>
</extension>
</extensions>
</route>

Figure 6-2: Excerpt from the RTZ+MEZ file exported by the Route Planner (Waypoint 3: Sas
van Gent Bridge)
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This output format was verified against the Maritime Robotics Vehicle Control Station (VCS).
The VCS correctly parsed the MEZ-extended RTZ file, displaying the waypoints on its chart,
resolving the action point trigger radii, and presenting the ROC operator notifications at the
appropriate geographic positions during the Ghent-Terneuzen test route demonstration. The
RTZ Route Planner and the corresponding example route file for the Ghent-Terneuzen Canal
are available to AUTOFLEX consortium partners via the Fraunhofer CML SharePoint.

Figure 6-3 shows the route as displayed in the Maritime Robotics Vehicle Control Station
(VCS) after loading the exported RTZ file. The VCS correctly resolves the waypoint positions,
cross-track tolerances, and action point trigger radii, and presents the ROC operator
notification at the Sas van Gent Bridge action point during route execution.

Vehicle Control Station [ID 47] - DEBUG BUILD o x
A Mission Control @ Ottersim 4 10:00 a &
4

g

S R DRBUGBUI ¢ . o w2 o
: B

S Done Plan detail

Ghent_Terneuzen_va(1)

# Type End cond.Radius Action

N/A N/A® N/A®

Figure 6-3: Ghent-Terneuzen route loaded in the Maritime Robotics Vehicle Control Station
(VCS)
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7 CONCLUSION AND FURTHER WORK

7.1 MISSION EXCHANGE MODEL

A Mission Exchange Model has been developed for use by the ROC when sending the
description of the route, schedule, and lock and bridge passings to an IWW vessel. The work
shows that existing standards for route exchange currently used by sea-going vessels are a
good starting point when defining the data needed for autonomous IWW vessels. It also
shows that extensions to these models are needed, to cover the specific details of IWW
navigation.

Parts of the MEZ were demonstrated on an USV in a canal in Trondheim, Norway,
showing the successful application of the principles, which would need further development
in order to cover all the data needed for a complete mission.

One part of this task was to develop and demonstrate a Mission Exchange Model (MEZ)
for communication between a Remote Operation Centre (ROC) and autonomous inland
waterway vessels. The model provides a structured method for exchanging mission-related
information, including route descriptions, voyage schedules, lock transits, bridge passages,
and other operational instructions required for autonomous inland waterway navigation.

The analysis shows that existing route-exchange standards developed for maritime
navigation provide a valuable foundation for mission exchange in inland waterways.
However, the study also demonstrates that inland waterway operations introduce additional
requirements that are not sufficiently addressed by current maritime route-exchange
standards. These include detailed information related to locks, bridges, fairway constraints,
traffic management procedures, and other waterway-specific operational conditions.
Consequently, extensions to existing standards were required.

A subset of the Mission Exchange Model was successfully demonstrated using an
unmanned surface vessel operating in the canal in Trondheim, Norway. The demonstration
verified the feasibility of the proposed concept. Although only a part of the model was
validated, the results indicate that the proposed approach provides a promising basis for a
standardized MEZ.

Future work should focus on extending the model to cover all information required
throughout the complete mission lifecycle, including dynamic voyage updates, traffic
restrictions, infrastructure status information. Further validation through large-scale
operational testing and alignment with emerging international standards will also be
necessary before the model can be considered for formal standardization.

7.2  AUTONOMOUS NAVIGATION SYSTEM AND AUTONOMY PACKAGE

The work carried out in Tasks 4.5 and 4.6 has established and prepared an integrated
autonomy package for inland waterway vessels. The package combines the Maritime
Robotics SeaControl autonomous navigation and vessel control functions, the SeaSight
situational awareness system, the Vehicle Control Station, and the Remote Operation Centre
concept. Together, these elements provide the functions required to plan, monitor, and
execute vessel missions, while allowing a remote operator to intervene or take control when
required.
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The onboard system architecture has been prepared for installation and demonstration on
MS Letitia. The proposed installation integrates the Maritime Robotics onboard system with
the vessel’s existing Argonics track-keeping system and includes panoramic camera systems,
such as dedicated radar, LiDAR, navigation sensors, onboard computing, and communication
equipment. The SeaControl On-Board System provides the higher-level guidance and control
functions, while low-level manoeuvring and safety functions remain handled through
interfaces to existing vessel systems. This approach allows the autonomy package to build on
established vessel-control capabilities rather than duplicating them.

The Remote Operation Centre and Vehicle Control Station provide the operator interface for
mission planning, supervision, situational awareness, and remote control. The concept is
scalable from a single laptop to a dedicated multi-screen shore facility, while retaining the
same underlying software and operational functions. This supports different operational
configurations and provides flexibility and redundancy in the event that the primary control
location becomes unavailable. The integration of the MEZ-extended route files in the Vehicle
Control Station further demonstrates how digital mission planning can be connected to the
operational control environment.

The results demonstrate that the main building blocks required for an autonomous inland
waterway vessel have been defined and brought together within a common system concept.
However, the work described in this deliverable primarily covers system development, data
collection, integration, and preparation for demonstration.

Full validation of the combined autonomy package on MS Letitia under representative
operational conditions remains to be completed. In particular, further work is required to
validate the complete sensor-fusion pipeline, assess object-detection performance across a
wider range of environmental and traffic conditions, and verify the interaction between the
Autonomous Navigation System, the track-keeping system, the Remote Operation Centre,
and the vessel operator.

Further work should therefore focus on full-scale operational testing of the integrated
system, including autonomous route execution, infrastructure passages, operator
intervention, communication loss, and fallback behaviour. The tests should also evaluate the
quality and availability of situational awareness information, the effectiveness of operator
notifications, and the transfer of control between the Autonomous Navigation System and
the remote operator. The results from these activities should be used to refine the system
architecture, operational procedures, human-machine interfaces, and safety functions,and to
support subsequent validation and certification activities for autonomous inland waterway
operations.
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