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Abstract. Even if autonomous vessels can operate independently of a person
monitoring or controlling it on some parts of the voyage, a Remote Operation
Centre (ROC) is still needed. The ROC operator will be responsible for planning the
voyage and to follow up on its operation. Also, the ROC operator will be
responsible for handling those situations where human interventions are needed,
either unforeseen situations, interactions with crewed vessels, or planned
interaction with other operation centres, e.g., for bridges and locks. For an
autonomous vessel to navigate on inland waterways (IWW), a clear description of
the operations must be provided to the onboard Autonomous Navigation System
(ANS) by the ROC operator. Further, the description of the mission must be sent
from the ROC to the vessel and be handled by the ANS onboard to conduct the
sailing from the departure to the arrival berth, including lock- and bridge passing.
In this paper, we describe the requirements to a 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. We will also describe
how the planning of the mission can be performed in the ROC, and we will present
a test run with an autonomous sea drone that was performed in Trondheim,
Norway, in 2025, to show case the usage of some parts of this MEZ.

1. Introduction

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, such as positioning, traffic and other objects, 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 1. 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.

Cont-ent from this WOTk may be‘ use‘d under the terms of the Crcgtivc Commons Attributio-n 4‘.0 licence. Any further distribution

BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOL.

Published under licence by IOP Publishing Ltd 1


https://creativecommons.org/licenses/by/4.0/

ICMASS-ISSS-2025 10P Publishing
Journal of Physics: Conference Series 3123 (2025) 012012 doi:10.1088/1742-6596/3123/1/012012

Although the autonomous navigation system 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, and that is assigned to the autonomous vessel by a remote operator that resides in
ROC, before leaving the departure port.

Mission Vassel control
planner station
Bridge operator
ROC Operator

I Other Ships

ROC

Lack operator

i

Vessel [ vessel Traffic
SAS | Service (VTS)

| ANS |

) l
L |

Track Pilot
Figure 1. Environment for IWW Mission Planning and Execution

Manual
control

The remainder of the paper is structured as follows. Section 2 will give background and
context for the work, and an overview of the IWW vessel operation. Section 3 describes the
methodology we applied to create the mission exchange model. Section 4 presents the MEZ whilst
results from a scaled-demo of parts of the MEZ is presented in Section 5. We draw conclusions in
Section 6 and explain what further work are relevant.

2. Background and Context

2.1. 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 [EC63173-1:2021 [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
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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.

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], support functions of ROC and other shore-based
personnel for anomaly detection [18], [19], and also on communication issues [20], [21]. However,
less attention has been given to how the ROC should communicate plans, and changes to plans, to
the ANS. This includes 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 [22] 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 [23] 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 [24], 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 [25].
However, neither the mission creation nor the mission exchange model is discussed. Temporal
mission planning for Maritime Autonomous Surface Ships (MASS) is proposed in [26], where an
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, to the
best of the authors knowledge, no studies address the data model for transferring the mission to
the ANS.

In this paper, we propose a Mission Exchange Model, which is the data model for the mission
to be sent from the ROC to the IWW vessel. This data model 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 [27], and future S-401[28]), as well as class terminology
for autonomous operations (as e.g. DNV Autoremote [29] or CCNR[30]), 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.

2.2. Overview of IWW Vessel Operation

Figure 2 describes the message exchanges related to the planning, execution and updates of a
mission, related to the environment shown in Figure 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
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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 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 some requests that requires
updates of the mission plan. During the execution of the mission, external actors as lock or bridge
operators may also give warnings or information to the ROC operator that may lead to updates of
the mission plan.

sd Mission Planning Sequence Diagram /

Track ANS ROC Lock/Bridge Logistics
Pilot/DP Operator Planner
T T T ; T T
I I 1 I I 1
i | | | i i
I T T T I i
I I H H i I I 1
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i i i i
| | | Enter all mission information() | |
I I I 1
I I I 1
I I i I 1
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| | | |
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Figure 2. Mission Exchange Message sequence diagram

3. Methodology

3.1. Overview
To develop the mission exchange model, we applied a case study method. 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, we elicited requirements to the mission exchange model
in a series of online workshops with joint industry and research organisations
represented by the authors of this paper, see Section 3.2.

e (ap Analysis: Secondly, based on the identified requirements, we did a review of existing
data models and standards applicable to inland waterways, but also standards for sea-
going vessels. We investigated which parts of these existing standards could cover which
of the requirements to the Mission Exchange Model, and which gaps that still existed, see
Section 3.3.



ICMASS-ISSS-2025 10P Publishing
Journal of Physics: Conference Series 3123 (2025) 012012 doi:10.1088/1742-6596/3123/1/012012

e Extended Data Models: Thirdly, we proposed new data elements 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 4.

e Demonstration: Fourth, and finally, a part of the mission exchange model was
implemented and demonstrated on a scaled demonstration vessel (OtterX) as proof-of-
concept, see Section 5.

3.2. Requirements to Mission Exchange Model

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

AutoFlex [31] project partners, and this 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.

o 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 is not part of the mission
exchange model.

e The vessel does not have interface to the RIS (river Information System), as this is only
handled by the ROC.

o 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 [32], where the vessel is
capable of operating between two successive locks.

o 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.

o Thevesselisable 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 is needed. This
avoids problems with latency of communication.

o 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 a point where the vessel shall do a transition between
two voyage phases that requires 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
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verify that the berth is clear before initiating automatic mooring. A third example of an action
point is a 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.

3.3. Gap Analysis of Existing Standards

IWW traffic is not 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 [33]. During this work, we have
therefore looked at the regulations of inland ENC. However, we have also investigated 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 signalling
requirements when sailing on the rivers and canals, we have used information from the iENC
regulations.

The Mission Exchange Model was 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 [34] is reused when it comes to
the definitions of routes, legs, waypoints, action points, and the schedule.

e The current Inland ECDIS Standard Edition 2.4 [35] and the IENC Feature catalogue [27] were
used to find specifics related to the IWW sailing, lock passing and bridge passing, that is not
covered by S-421.

e The upcoming S-401-standard for Inland Electronic Navigational Charts [36],[28] when it
comes to information about port features.

o The EDIFACT message BAPLIE regarding the bayplan/stowage plan describing container
related data on weights and dangerous goods [37] when it comes to cargo information needed
by the IWW vessel.

o Thereference model and list of data elements as described in the IMO compendium [38] when
it comes to static information about the vessel.

4. Description of Message Exchange Model (MEZ)

4.1. Overview

Figure 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. Thevessel either controls the sailing by executing the mission or it is passive while
being remotely operated by the ROC operator.
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When it comes to controlling the vessel, either the automation onboard or the ROC

operator must be accountable for the operation of the vessel, 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 system, both during
monitoring and during remote control operation.

act Mission States_/
BN - = = = = = = == = > Remote Controlling Vessel
I
. ]
5 1 ' i
® \‘, L ' [
] 1 [ Interaction with |1 1
& Update Mission i Externals | |
: 1
2 ; , | ; :
g | . i A i 1
1 i i 1
1 '} Y Y i 1
I

_________ 1] Monitor Vessel " |
1 ] 1
T 1 "I\ I 1
" ' X 4 +
I 1 4 ] 1
1 | | ! i
| ' 1
| ' Send Status and Requests 1
— 1 I 1
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g Y Y Y v

= Y A S

Execute Mission e Remotely Controlled
e >

Figure 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 4.2.

Planned schedule with planned actions, Section 4.3.

Mooring, Section 4.4.

Planned autonomy level, Section 4.5.

Cargo, Section 4.6.

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 4.7.

YV VYVYVY

4.2. Planned route and planned actions

Figure 4 shows the UML classes representing the data for planning the route legs and for specifying

action points. The light brown boxes are a simplified view of the classes from S-421 Route

Exchange, while the green boxes represent additional classes defined to cover the IWW mission

planning.

¢ Information about Action Points: The current version (June 2025) of S-421 defines the action
point either as a point, as a circle with a position and a diameter,; or as a user defined space
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geometry. This mission exchange model will allow action points of all these types. 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:

e Extra data related to Action Point:

O

@)

A route action point type (RouteActionPointType) is needed 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, 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 [35]. In addition to this comes action point types to indicate that the lock passing
and bridge passing need to be done remotely controlled by the ROC operator.

The enumeration RouteActionPointRequiredAction is extended with a value for
MissionAction to indicate that the action point is used in relation to a mission plan.
ShipPlannedActionPointRequest: This is a list of different notifications that the ROC
operator expects the ANS to do related to an action point, or at some other point in
time. 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 instruct the ANS to notify the ROC operator when a green
light or unknown object is detected. The value of attribute routeActionPointTimeToAct
in RouteActionPoint is used to describe the point in time when the notification should
happen, for instance how long time before the ETA or ETD should be given.

e Extra data related to Legs between two Waypoints:

O

A route is defined by a list of route waypoints. The legs of the route are defined
between two route waypoints with information related to this leg describing 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. This is defined in ShipPlannedWaypointLegRequest and includes notifications
saying that the vessel 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.

In addition to this, a level of autonomy and notification deadline is defined for each
leg.

Note that the planned SOG for the leg is defined in the RouteScheduleElement (a data
element in S-421) as RouteScheduleElementPlanSOG related to the end waypoint of
the leg.
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class Planned Route and Actions

«Enumeration»
RouteActionPointType

Radio Calling-in Point =1

Route

Check Point =2
Traffic Signal Station - Bridge Passage = 3
Traffic Signal Station - Lock = 4

1

Traffic Signal Station - Oncoming Traffic Indicator = 5
Traffic Signal Station - Port Entry and Departure = 6
Communication Area VTS centre =7

I

Schedule
Waypoint

+RouteActionPointType Communication Area VTS sector = 8

Communication Area IVS point =9
Communication Area MIB = 10
Communication Area Lock = 11

ActionPoint

0.* 0.1

1
0.1

Leg

B

«InformationType»
LegPlannedOperationalMode

«SimpleAttribute»
InControl: ActorType
NotificationDeadline: int [0..1]

+
-

Communication Area Bridge = 12
Communication Area Custom = 13
Communication Area Harbour = 14
Communication Area WLAN Area = 15
Communication Area Other = 16
Remotely Controlled Lock Passing = 17
Remotely Controlled Bridge Passing = 18

«InformationType»
ShipPlannedWaypointLegRequest

«InformationType»

ShipPlannedActionPointRequest «Enumeration»

«SimpleAttribute»

+ ShipTriggerRequestToROC: ShipRequestWaypointLegActionType [0..1]

ActorType
ShipANS = 1

«SimpleAttribute»

+ ShipTriggerRequestToROC: ShipRequestActionType [0..1]

ROC operator = 2

«Enumeration»

ShipRequestWaypointLegActionType Rout

Ship moves outside PortXTDL = 1

Ship moves outside StarboardXTDL = 2

Fallback because outside RouteWaypointLegPortCL= 3
Fallback because outside RouteWaypointLegStarboardCL = 4
Notify on uncertainty in object detection = 5

e «Enumeration»
teActionPointRequiredAction ShipRequestActionType
Wit = & Notify on Entering Geometry =1
Report =2 5 s

Notify on Exiting Geometry = 2
UKCM =3 Y o n
Note = 4 Ask confirmation of green light = 3
. Notify on uncertainty in object detection = 5
Reserved =5 5
Notifyon ETA=6
LB =0 Notify on ETD = 7
Reserved3 =7
Reserved4 =8
Reserved5 =9

MissionAction = 10

Figure 4. Planned Routes with Planned Actions and Waypoints

4.3. Planned schedule with planned actions

Figure 5 shows in green boxes the extra data types that are needed to describe the time schedule

for the waypoints in the route that are part of

the mission. The light brown boxes show data types

from the S-421 route exchange standard (simplified). For our usage, the RouteScheduleElement

only needs to be related to the Waypoint clas
action points do not have schedules attached

s, and not directly to the route class. Also note that
to them.

class Planned Schedule on Waypoints /

Waypoint N Route &1 ActionPoint
Leg «InformationTpye»
RouteScheduleElement «InformationType»
| — MissionScheduleElement
«ComplexAttribute» o1 o} NN
+ T heduleEl Ro [0..*] «SimpleAttribute»
«SimpleAttribute» |+ heduleEll ETAStr dowAfter: Integer [0..1]
+ routeScheduleElementETA: DateTime [0..1] |+ heduleEl ETAStr d Integer [0..1]
+ routeScheduleEl ETAWi di ter: Integer [0..1] I+ h ETDStr d < Integer [0..1]
+ routeScheduleEl ET, d : Integer [0..1] |+ T T f Integer [0..1]
+ routeScheduleElementETD: DateTime [0..1]
+ routeScheduleEl tETDWind fter: Integer [0..1]
+ routeScheduleElement| ETDWind fore: Integer [0..1]
+ routeScheduleElementPlanSOG: Real [0..1]
+ routeScheduleElementNote: String [0..1]
+ routeWaypointiD: Integer
Figure 5. 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
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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 MissionScheduleElement.

4.4. 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, we use the descriptions in the standard S-
131 on Marine Harbour Infrastructure. These data types are further described in [39]. Only some
of the data elements in this standard are needed to describe the mooring.

4.5. Planned autonomy level

According to the Central Commission for the Navigation of the Rhine [32], 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 6. This gives an overview of the data types needed
to describe the planned level of autonomy for a whole route (DefaultOperationalMode), for a leg
(LegPlannedOperationalMode), or for an action point (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 Planned Autonomy Level

«InformationType»
Route DefaultOperationalMode «Enumeration»

-
: «SimpleAttributes ActouiTe

+ InControl: ActorType ShipANS = 1
+ NotificationDeadline: int [0..1] ROC operator =2

Waypoint Schedule ActionPoint «InformationType»
L - ActionPointPlannedOperationalMode

«SimpleAttribute»
+ InControl: ActorType
«InformationType» + NotificationDeadline: int [0..1]
Leg LegPlannedOperationalMode

>
«SimpleAttributes

+ InControl: ActorType
+ NotificationDeadline: int [0..1]

Figure 6. Data types for planned autonomy levels

4.6. Cargo

Cargo data 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:

e The stowage location onboard the vessel

e The ID of the container

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

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

4.7. 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 7 shows the data model for the data that is needed to be sent from the
ANS to the ROC. The following data types are needed:

ShipDynamicData: This is the vessel movement data at the time of reporting from the ANS to
the ROC. This is defined as described in the IMO Compendium [38].

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.

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 that is listed in the enumeration
RouteActionPointType. 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 RouteActionPointType) at the time ETA.
The ANS can also request the ROC to confirm a green light (see ShipRequestActionType), 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.

The ANS can also give statuses on the schedule to the ROC. This is done by the data type
ShipActualScheduleRequest, 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 ShipRequestScheduleType.

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 wvessel. 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 StarboardXTDL), 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.

5. Demonstration of the MEZ on an USV in the Trondheimsfjord

5.1. 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 USV OtterX from Maritime Robotics
[40], 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 8: Navigate from a starting point
along a predefined track. At action point 1, notify the ROC that the bridge operator must be
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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.

class Mission Execution Data Model

ActionPoint

Figure 7. Mission execution data

Figure 8. Mission for the demonstration
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5.2. Report from demonstration with OtterX

The demonstration was conducted on June 13t 2025. All planned features and objectives were
successfully demonstrated. The initial conditions of the demonstration were that the OtterX was
positioned at the planned starting point and confirmed to be in correct operational state, Figure 9.

Figure 9. OtterX and ROC ready for demonstration

The demonstration was started by the ROC uploading the Mission Exchange Message to the
OtterX, Figure 10. 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 A1, 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 11. 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 12. The ROC operator visually confirmed that the bridge was open
and light signal indicated clearance, before sending a continue mission command to the OtterX,
Figure 13. 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 14.

A demonstration with a complete Mission Exchange message implementation is needed, and
this is planned later in the AutoFlex project where a full scale demonstration in inland waterways
is planned. This demonstration will be based on a ship instead of the OtterX USV and will take
place in a canal.

Figure 11. Prompt notification to ROC operator, OtterX position and action point A1
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Figure 13. Operator using onboard SeaSeight
camera to confirm bridge opening and clear for
passage.

Figure 14. OtterX autonomously navigating to
final action point A

6. Conclusion and Further Work

This paper has presented a Mission Exchange Model to be used 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 was demonstrated on an USV in a canal in Trondheim, Norway, and this
shows that the principles can be further developed to cover all data needed by a complete mission.

In this paper, we only cover mission planning and execution data. In addition to this comes
information that is needed by the ROC to facilitate its operation, for instance information about
opening hours, contact details and physical dimensions of locks and bridges, contact details, time
schedules and physical dimensions for port facilities, bunker stations and other infrastructure,
and static information and contact details about the vessels. In addition, we also need to
investigate more in how the definition of level of autonomy in the mission exchange data to cover
the different modes of operations for IWW vessels will work out in real cases.
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