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Issue | A B C D

Does this revision conform to the technical part of the ShippingLab | X
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Does this revision conform to the ShippinglLab overall project
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Does this revision conform to the ShippingLab revised overall project
schedule?

Does this revision conform to the ShippinglLab Project Objectives?

Are requirements/constraints from all links to other project tasks
(including external tasks) taken duly into account in this revision?

I I e

Does this revision contain an unambiguous and up-to-date description
of the work to be done, including a clear distribution of work among
task participants?
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internal milestones, partner-agreed deadlines and project-wise
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1. INTRODUCTION

A crucial challenge in automatic ship control is to accurately determine the position and
movement of own ship. The more confined the waters get, the higher are the demands for accuracy
and robustness.

While GNSS systems provide a ubiquitous and free source of relatively accurate position, it
exposes the navigation to numerous vulnerabilities, some of which are just technical downside
but others open doors for malevolent exploitation. While GNSS ranks high in accessibility, it
loses on robustness if relied upon as a sole source of positioning. To overcome this weakness in
critical applications, GNSS is used in conjunction with other positioning methods. Most of the
methods used today however suffer from limited availability (in a spatial sense) but also depend
on manual processes or external infrastructure, such as reflectors or beacons, in relation to which
a position is derived.

Installing additional infrastructure in support of supplementary positioning is not everywhere
possible and cost effective.

The use of ship-based drones could provide a way to overcome the problems both of dependency
on a single position source as well as availability if the drone is always carried on own ship.

Georeferenced coordinate data is a safe way to navigate a ship and can be used both in cases
where other navigation information is missing due to loss of GPS or in case of system failure.
Using video analytics on drone pictures, it will be possible for the drone to not only provide a
real-time overview of the surroundings of the ship, but also use predetermined points in the area
to precisely calculate where the ship is located and how it moves in reference to known landmarks.

To investigate possibilities to mitigate above issues, a consortium has been established between
DFDS, Upteko and Wirtsila to create a system providing reliable independent georeferencing for
ships. The project will develop, validate and report on the concept of independent georeferencing
for ships from drones. Development will support navigation today by providing a robust
alternative to GNSS and will provide the necessary second position input for precise, reliable and
safe autonomous navigation for the future. Besides a demonstration of project concept, a key
deliverable from the project is a detailed report on service design, standardization and findings
and relevance in future navigation systems.

2. DESCRIPTION OF SCOPE AND TASK SCIENTIFIC OBJECTIVES

Upteko has already been involved with developing onboard drone systems supporting ships when
docking into harbours. This project will build on this development and explore concepts for
reliable independent georeferencing or positioning to secure future navigation, manned or
unmanned. The onboard drone system will for the demonstration case be further developed and
integrated with Wartsila’s existing system.

The drone will fly over the ship when in confined waters and when entering harbour, obtaining
crucial precision points data from recognition of known landmarks in the surroundings, thereby
generating the vessel's absolute position.

The ship’s navigation and position control system will receive the absolute position in a
standardized format. This will allow the position to be blended into and used as any other existing
position source for the navigation system.

The significance of achieving this lies with:
e Ease of integration. No major technical modification are needed for the ship’s
navigation system side to process this additional information

DRONE-GENERATED GEO-REFERENCE FOR AUTOMATED SHIP NAVIGATION IN HARBOUR
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e The position accuracy would be comparable to GNSS or better, thus the same use can
be made of it

e The position would be available in the same quality by two different means, thus the
loss off a single position source would not endanger the functioning of higher-level
control systems any more

e The position would be derived in a way which is immune to malevolent disturbances
such as spoofing or jamming, thus would maintain the same function also in a for
whatever reasons GNSS-denied environment.

e All of the above would be achieved with a self-contained shipboard system that does
not require any external infrastructure to be installed, such as reflectors or transponders.

To date, no technology exists which can deliver the above benefits within a reasonable cost and
installation frame. Making such a technology available does not only relate to contemporary
applications such as automated docking, but points into the future towards making completely
unmanned ship operation reliably possible.

3. DEFINITIONS OF TERMS USED IN THIS DOCUMENT

GNSS, Global Navigation Satellite System
Georeferencing, geographic information
UAYV, Unmanned Aerial Vehicle

4. DESCRIPTION OF METHODOLOGY & STANDARDS

In the collaboration biweekly/montly meeting was held for most of the period. During
covid time this was limited and towards the end this was only between DFDS and Upteko.

5. DESCRIPTION OF SUBTASK STRUCTURE

An overall task was to oversee the progress with other tasks and conduct reporting etc. This was
done in Task 1. An isolated task to create an algorithm was done in Task 2, where a simulation
environment was created to simulate georeferenced landmarks and vessel detection. Task 2 was
intended to be fed into Task 5.4 for later benchmarking and evaluation with Wartsila system. The
interface between Upteko and Wartsila was created in Task 3. Documentation for the Upteko
system was created in Task 4. Task 5 was also a (mostly) isolated task concerning the installation
and data collection (with Task 2 algorithm).

DRONE-GENERATED GEO-REFERENCE FOR AUTOMATED SHIP NAVIGATION IN HARBOUR
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5.1 Gantt Chart

1 |Project Management (Upteko) Upteko
2 |Development of an algorithm for georeferencing (Upteko) Upteka
Combine spatial data and known geometry to provide a Upteko
2.1. |ground truth
2.2. | ReaHlime sagmentation of the vesasl from a video stream Upteko
Integration between Upteko system and Wart sild sy stem (Wirtsild Whrtsils
3 |and Upteka)
3. 1. |Installation of SmartDock system on board of Selandia Seaways Wartsild
Imagration of pasitonal information from the Upteko-system with Wikrtsl
3.2, [SmardDock
4 |Training of crew and documentation (DFDS) DFDS
Collaction valuable information fram the crew in relation o usability OFOS
4.1. |and pedomance of the system
4.2. | Training of the crew in operation and safety of the system DFDS
4. 3. | Preparation of system documentation and manuals DFDS
5 |Installation and testing (WErsil4, Upteko and DFDS) DFDS
5.1. |Praparation of vessal access and test schadule DFDS
Installation of Upteko's charging systemand drone on Seladnia
Upteko
5. 2. | Seayways
5.3. | Flight tests with data collection Upteko
Benchmarking data quality of the Upteko-Systerm against Wartls
5.4, [GNSS data
6 |[(Whrtsila) Wartsilg

2022.07.13
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6. DESCRIPTION AND CONTENT OF SUB-TASKS

6.1 Description of sub-task 1.0 Project Management

6.1.1 Scope and scientific Objectives
The aim of this work package is to ensure a well-managed project. The specific objectives are:
e to ensure a smooth running of the project including communication between the
consortium and The Danish Maritime Fund.

DRONE-GENERATED GEO-REFERENCE FOR AUTOMATED SHIP NAVIGATION IN HARBOUR
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e thatall knowledge is created, managed and disseminated in a coordinated and coherent
manner

e that all technical activities, financial and legal aspects and other issues are managed to
a high standard

e that all aspects of the Danish Maritime Fund requirements for communication and
reporting are met

6.1.2 Subtask Methodology & Work Distribution

This project was using the agile methodology and a modified version of Scrum to help with
project management. A product backlog, which is a part of Scrum, was maintained during the
project and was holding a prioritized list of known tasks. The tasks

were planned in a sprint length of four weeks according to the task priorities. In addition, a
GANTT chart was used for overall evaluation, stakeholder overview and visual tool.

This task was conducted by each partner with their individual tasks. Upteko was responsible for
the reporting.

6.1.3 Subtask Schedule
Activity Start date End date
Project management Month 1 M70

6.1.4 Results of Deliverables and Milestones
A partly completed project with a number of reports during this period.

6.2 Sub-Task 2.0 Development of an algorithm for georeferencing

6.2.1 Scope and scientific Objectives

The charging station, navigation, and control of the drone will already be developed before this
project begins. The development activities required by Upteko for this project will be to develop
the algorithm needed to precisely locate the ship in relation to the surroundings. This work
package will contain two main parts, which combined will provide a estimate of the vessel. These
parts will use UAV sensor feedback to;

e Combine spatial data and known geometry to provide a ground truth

e Real-time segmentation of the vessel from a video stream

To provide high spatial sensing accuracy, this algorithm will fuse information from a wide number
of onboard sensors on the drone. These sensors will be inertial, motion, and magnetic sensors,
while also utilizing camera sensors for visual local frame feedback and GNSS receiver to apply
this into a geospatial context.

A global context with georeferenced spots will be one of the key elements in this development,
where the known geometry of these spots will be compared to the visual feedback observed by
the drone. The other key element is a segmentation of the vessel obtained from the camera sensors.
Since the georeferenced spots will provide an accurate ground truth of the ground sampling
distance, it will be possible to provide a highly accurate estimate of the segmented vessel position
relative to the surroundings.

The development of this algorithm will be performed using continuous integration and follow an
iterative approach with incremental improvement and adjustment, which are concluded from field
tests in a relevant operational environment in WP5.

DRONE-GENERATED GEO-REFERENCE FOR AUTOMATED SHIP NAVIGATION IN HARBOUR
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Position information generated from this algorithm will be formatted into a marine message
protocol and delivered to WP4 for integration with vessel navigation and position control system.
Data needs to be acquired, analyzed and processed to generate usable data for our navigation.
This data will then be fed to Wartsila in WP4.

By training the algorithm the system will be able to detect the same fixed spots at the harbour and
use those spots as reference points. By precisely mapping the exact location of those spots in
advance, it will be possible to triangulate the position of the ship.

As the aim of the project is to make the system autonomous, the training data will be collected
over multiple flights.

The completion of this work package will rely on engineering resources with expertise in the
domain of software programming and computer vision (among others)

In this work package resources are needed for hiring software engineers in Upteko that can help
develop this algorithm.

6.2.2 Subtask Methodology & Work Distribution
Upteko was responsible for this task. The method is the same as in subtask 1.0

6.2.3 Subtask Schedule
Activity Start date End date

2.1 Combine spatial data and | M7 M39
known geometry to provide a
ground truth

2.2 Real-time segmentation | M1 M39
of the vessel from a video
stream

6.2.4 Subtask Deliverables and Milestones

An algortihm which can segment a vessel from image data. This vessel is georefereced based
On UAV GNSS data. The georeferenced landmarks are used to place the vessel in a global
Context. This is evaluated in terms of accuracy.

6.2.5 Results of Deliverables and Milestones

1. For vessel recognition, a machine learning (ML) framework: Mask R-CNN has been
utilized. This framework was compared to other ML frameworks such as YOLOv3, TLD
and more. Mask R-CNN (Recurrent-Convulutional neural network) was chosen because
it is fast and robust, and utilized after the trained stage, is relatively simple and light
weight to run on a linux server without a GPU (Graphical processing unit). Another
important feature of Mask R-CNN is that we get a bounding box around the desired
class, this gives a more precise localization of the vessel centre. Furthermore, POIs
(Point of interest) on the vessel are defined. The same algorithm for detecting
landmarks is used to recognise these POls

DRONE-GENERATED GEO-REFERENCE FOR AUTOMATED SHIP NAVIGATION IN HARBOUR
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2. For landmark recognition a simpler approach has been taken; here Computer Vision
(CV) methods such as SIFT, SURF and ORB has been compared. The main factors here
are speed and accuracy. The best approach out of the three for this task was SIFT and
this this is used to match a model (first pic) with pixels in the camera frame. Second
picture is of the simulation world with landmarks placed at specific locations

DRONE-GENERATED GEO-REFERENCE FOR AUTOMATED SHIP NAVIGATION IN HARBOUR
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3. When the software has a good estimate of the landmark frame, meaning the position,
it is stored in memory and displaced together with the drone frame. When the
software recognises another landmark, the same process begins. Each landmark has a
geolocation and a distance to the drone, making it possible to create a sphere around
each geolocation. A sample image of this can be seen on the figure below.

4. After 4 landmarks has been located, a trilateration process can begin. This compares
the outer perimeter of each sphere and an intersection can be found, this intersection
is also the location of the drone. A comparison of the true drone location and the
calculated drone location can be seen in the table below

Lat Lon Alt
Real 55.0578553 10.5698791 546.81
Est 55.0578644 10.5698497 547.43
Error -0.0000091 0.0000294 -0.621637478
Meters (x,y,z) | 0.99 2.94 0.62

5. Lastly the position is then handled, and we generate and transmit a GPGGA messages
for Wartsila SmartDock system

DRONE-GENERATED GEO-REFERENCE FOR AUTOMATED SHIP NAVIGATION IN HARBOUR
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6.3 Sub-Task 3.0 Integration between Upteko system and Wiirtsili system

6.3.1 Scope and scientific Objectives

Wairtsild wishes to integrate the Upteko system into it’s SmartDock system as part of a larger
collaboration between DFDS and Wirtsild, involving the DFDS operated ship Selandia Seaways.
This overarching project aims at investigating the feasibility of automatic docking systems on
ships the size and configuration of Selandia Seaways.

To this behalf, Wirtsild will install its SmartDock system on board the Selandia Seaways. Ona
functional level this system consists mainly of

e Ship sensors like gyro, MRU and wind sensors

e A mathematical ship model to estimate the response of the ship to the environment and
thruster forces

e A mathematical motion estimator and predictor to enable real-time control of the ship

e Thrust allocation logic to control the ship’s propulsion and steering system

e A position calculation algorithm, which is fed by raw position data from various sensors

Positional information from the Upteko-system will be fed into SmartDock via a standard
interface conforming to IEC 61162-1 / NMEAO0183. Data will be output as a GLL-datatelegram
at a frequency not lower than 1Hz.

This way SmartDock will have a secondary position source available at the same accuracy and
sampling rate as the GNSS position

6.3.2 Subtask Methodology & Work Distribution
N/A

6.3.3 Subtask Schedule
Activity Start date End date
3.1 Installation of | M7 M60
SmartDock system on board
of Selandia Seaways

3.2 Integration of positional | M32 M37
information from the

Upteko-system with

SmartDock

6.3.4 Subtask Links & Constraints
N/A

6.3.5 Subtask Deliverables and Milestones
Installation of SmartDock system on Selandia

Integration of position messages from Upteko system to SmartDock

6.3.6 Results of Deliverables and Milestones

1. Location from 6.2 is handled and a GPGGA message is transmitted to Wartsila via a
serial socket connection. A GPGGA message can be seen via this link:
https://docs.novatel.com/OEM7/Content/Logs/GPGGA.htm

DRONE-GENERATED GEO-REFERENCE FOR AUTOMATED SHIP NAVIGATION IN HARBOUR
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2. No further steps have been taken to integrate the two systems because of time
limitation

6.4 Sub-Task 4.0 Training of crew and documentation

6.4.1 Scope and scientific Objectives

This work package will prepare and complete necessary crew familiarization and dedicated
training in operation and safety of the system, both in regard to drone operation and system
updates with position input.

6.4.2 Subtask Methodology & Work Distribution

This work package will in addition collect and prepare system documentation and manuals.
Selandia Seaways and other relevant Mariners will be included in development early on, to collect
valuable information from crew with experience in the test area and to ensure the system will
meet expectations in relation to usability and performance.

Subtask 4.1, 4.2, 4.3 is a joined task where DFDS will handle the overall communication
internally and Upteko and Wartsila will provide system documentation and manuals

6.4.3 Subtask Schedule
Activity Start date End date
4.1 Collection valuable | M68 M70
information from the crew in
relation to wusability and
performance of the system
4.2 Training of the crew in
operation and safety of the
system

4.3 Preparation of system | M36 M70
documentation and manuals

6.4.4 Subtask Deliverables and Milestones

Crew of Selandia Seaways and shore-based superintendent have been included in development
early on and have participated in meetings, workshops and Hazard Identification with Lloyds
Register. Information gathered both on operational challenges, relevant procedures, processes and
possible limitations and system requirements.

6.4.5 Results of Deliverables and Milestones

Crew have not yet received dedicated training in operation of drone system. Drone system is
due to approval process not yet transferred to full crew operation but are operated by certified
drone operator. Crew have participated in several meetings to familiarize with safety during
drone operations and operational characteristics

System installation manuals have been prepared as part of the documentation with Lloyds
Register. Please check attached official document from Lloyds Register concerning the
“Design Appraisal Document”, which states the additional created document in this process

DRONE-GENERATED GEO-REFERENCE FOR AUTOMATED SHIP NAVIGATION IN HARBOUR
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6.5 Sub-Task 5.0 Installation and testing

6.5.1 Scope and scientific Objectives

This work package will test, validate and report on total system - drone operation, drone position
input, integration and on board usability. The drone functionality to support the docking procedure
of ships will be implemented as an additional part of this project, under this work package.

Before the system will be used, a period is planned to allow for benchmarking data quality of the
Upteko-System against GNSS data. It is planned to acquire data during times when Selandia
Seaways is maneuvering in vicinity of the Osthavn in Cuxhaven/Germany.

Once a reliable data quality is achieved, positional data delivered by the Upteko-system will be
utilized by SmartDock side-by-side with GNSS data.

In a last step it is envisaged to trial using Upteko-delivered data as the sole position source to
demonstrate that the system can still safely be operated should the GNSS position feed fail. This
is, however, not foreseen to be the operational norm where in routine operations both systems
will provide mutual redundancy.

In this work package, the installation of Upteko’s charging system and drone on ship will be
included (which is part of a previous funded project “2018-142, Autonomt Dronesystem”). To
install the system and perform tests, access to the test vessel is crucial. With the knowledge of
vessel arrival/departure schedule and close collaboration with DFDS, access and test schedule
will be planned early in the project. This will ensure the existence of a robust and transparent plan
for the docking station installation, crew feedback, and a high number of flight tests with data
collection while also allowing for unforeseen challenges.

When the plan is made, the system can be installed on Selandia Seaways and after the installation
of docking station is completed, Upteko will maintain and keep the system operational in the
duration of the project and test period and make sure the system is operational for the duration of
the testing of the system.

6.5.2 Subtask Methodology & Work Distribution

The flight test planning will be an extension to the above planning and the required tests will be
subdivided. The completion of these individual tests will serve as a direct progress indicator for
the completion of Upteko’s and Wirtsild’s responsibilities in the technology development and
testing work package.

6.5.3 Subtask Schedule

Activity Start date End date
5.1 Preparation of vessel | M24 M55
access and test schedule

5.2 Installation of Upteko’s | M52 M70

charging system and drone
on Seladnia Seayways

5.3 Flight tests with data | M34 M70
collection
5.4 Benchmarking data | M67 M70

quality of the Upteko-System
against GNSS data
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6.5.4 Subtask Deliverables and Milestones

In accordance with the vessel schedule and in collaboration with DFDS, the Upteko system
will be installed on Selandia Seaways and a number of test will qualify the system during
Integration tests

To install the system, there is a need to obtain a “approval” from the class instance (LR, Lloyds
Register).

Finally, the algorithm from task 2 will be evaluated

6.5.5 Results of Deliverables and Milestones

A picture says more than a thousand works. The installation of the Upteko system is depicted here
on a list of images
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Results from benchmarking the algorithm was only performed in simulation, since we were not
able to perform any benchmarking using the real data within the project period. The results from
the simulation environment can be found in section 6.2.5 table 5

The approval to use this system in a test period was granted by Lloyds Register as a “Design
Appraisal Document”. This was obtained after a complete description of system, concept of
operations for the UAV and mission in Cuxhaven. The process with LR consisted of a
identification of risk, classification of risk using and ways of mitigating risks in the design or
operation.

6.6 Sub-Task 6.0 Liaising with maritime regulatory bodies on compliance

6.6.1 Scope and scientific Objectives

Maritime control systems are subject to heavy regulation by national and international bodies and
most systems commonly found on board a ship are subject to approval of regulatory bodies such
as flagstate or class.

As a large integrator of ship propulsion, automation and control system Wirtsild will provide
expertise and support at all stages when it comes to achieving acceptance of the Upteko system
by maritime regulators and relevant stakeholders.
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This support will be provided in the form of:
e Providing access to in-house experts on maritime certification
e Review of applicable technical standards and statutory regulation
e Supporting in meetings with stakeholders as subject matter experts

6.6.2 Subtask Methodology & Work Distribution

In collaboration with DFDS as the operator and Wartsild as technology integrator a strong
operating background is formed to address operational and technological concerns of regulators
promptly, thoroughly and holistically.

6.6.3 Subtask Schedule

Activity Start date End date
6.0 Liaising with maritime | M1 M41
regulatory bodies on

compliance

6.6.4 Subtask Links & Constraints
N/A

6.6.5 Subtask Deliverables and Milestones

In coordination with relevant authorities/regulators, the consortium should meet with
compliance when needed

6.6.6 Results of Deliverables and Milestones

Still not all equipment onboard selandia. Delay etc.

Due to delays and not all equipment onboard Selandia, not all compliance has been possible to
complete

What have been completed in this project is:

1. In collaboration with Cuxport and NPorts we have permission to fly in Cuxhaven port

2. After application to “Niedersdchsische Landesbehérde fiir Straffenbau und Verkehr”,
we have obtained a 2 year permit to operate drones in Cuxhaven and above obtained
an exemption to operate above the “BundeswasserstrafSen”

3. Obtained a “Design Appraisal Document” from Lloyds Register, which allow us to to
operate and install the system onboard Selandia Seaways

7. CONCLUSION ON TASK

From Upteko, there was developed a software solution for identifying a vessel using vision and
Al This information could be subtracted and used to calculate geo position of the vessel. This
was tested in simulation with accuracies between 1-3 meters in the horizontal plane. The position
information was prepared to fuse into the SmartDock system once this integration was ready.
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Besides the software Upteko brought forward a mechanical solution and installation of a drone
charging station onboard DFDS Selandia Seaways. This process included Lloyds Register and a
mini-hazid process to obtain a Design-Appraisal-Document for the test period

To the extend it was possible the training of the crew has been performed, but due to the lack of
progress in the handover to DFDS (Upteko delay), only minor training has been available.

It was not possible to obtain a qualitive feedback on using Upteko’s software solution with the
SmartDock due to limitations in the available resources within the consortium.

8. CONTRIBUTION TO SOLVING THE CHALLENGE ADDRESSED IN
TASK

It has been reported that GNSS outages have become more frequent, especially after the recent
war in Ukraine. This have been observed, among others, around the Baltic Sea (near Kaliningrad).
Those observations of intensified GNSS spoofing provides good arguments for projects like this,
where we attempt to provide redundant systems for positioning by utilizing a different domain
(visual) to verify known landmarks and locations.

DFDS:

Redundancy in positioning is becoming increasingly important with increased automation and
introduction of advanced navigation systems.

Project have besides technical development, matured DFDS organization in understanding
capabilities/limitations, safety aspects, approval processes in relation to operation of drone
systems in Maritime.
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