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Delivery
My final delivery in this project is a support 

system that will help the operator in 

monitoring their assigned ships and being 

aware of the assigned ship's situation and 

knowing when to take control. This software is 

meant to be used in a multiscreen setup at a 

fixed shore control center, and it is based on 

the OpenBridge design system.

As this project is a pre-work for a new AHO led 

research project, OpenRemote, my deliverable 

is not meant to be a finished product. Rather, it 

is an exploration of future design proposals 

that will be feed back to the maritime 

industries for further iterations.
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Introduction
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Introduction

Motivation
The new phenomena of autonomous ships are 

undergoing vast research, but they often stay 

hidden in the lab. There aren't many public 

precedents or examples, so there has not 

much of a critical design debate. This could 

lead to risk the safety of future operators if 

important discussions are not taken.

As a designer, I believe great design comes 

from discussing concrete examples. My 

greatest motivation has been to use the 

diploma project to provide open-source 

designs and findings to the maritime industry 

and help nudge the development of 

autonomous ship systems forward.
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Introduction

Some partners of OICL
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Context

Project scope
Ship type

For this project, I have chosen to focus on 

autonomous ships used for cargo and logistics. 

These ships have the same route and 

predictable schedules they have to follow.

Designing for monitoring

Supervising autonomous ship would potentially 

include monitoring, micro-adjusting and taking 

manual control over the ship. However, all 

functions would depend on an effective 

monitoring system to alert the operator. 

Therefore I have chosen to exclusively focus on 

monitoring systems for my diploma project.

Collision avoidance situation with other 

large manned ship

Since collision avoidance will be a part of my 

project, in order to narrow down the project, I 

have chosen to focus exclusively on collision 

avoidance situations with other large manned 

ships.

18

Context

Project brief

How to design a system that will support 

the future operator in being aware of the 

situation of the assigned ships and being 

able to take control when an unexpected 

situation happens?
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Context

OICL
My collaborator for this project is Ocean 

Industries Concept Lab. OICL aims to develop 

knowledge that supports user-centered 

innovation processes in the maritime domain 

by addressing challenges within the maritime 

industries using design methodology. (About, 

n.d.)

OpenRemote
OpenRemote is a research project by OICL that 

will begin in July 2023 - 2027. The project aim at 

providing an open platform for harmonized 

and user-friendly design of user interfaces (UI) 

in multi-vendor remote maritime workstations 

(RMW). The project will focus on the multi-

disciplines design fields from product design to 

interaction design involving remote operation. 

(OpenRemote, n.d.)

Beta
My project will function as a pre-work for 

OpenRemote project that OICL could use as a 

casework for further development.
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Context

Illustration by Sunniva W. Lislevand and Hanne Lockertsen (2022)
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Process & method

Process

RESEARCH INSIGHTS

DISCOVER DEFINE
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Process & method
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Process & method

Method

Field study

I visited Bastø Fossen VI to observe and 

document how the navigator operates the ship 

and what type of challenges one may come 

across.

User interviews

Talking with multiple navigators about their 

experiences and their thought about 

autonomous systems

Secondary research

To get an overview of research that has been 

done. By the nature of my project working with 

technologies and users that do not exist yet, 

secondary research has been my main source 

of research.

30

Process & method

Expert interview

To get an overview of current offerings and 

challenges

Analysis

Analysis to compare the insights and findings 

was made to get a bigger understanding of the 

context.

Ideations

To generate and develop ideas that will meet 

the needs of potential users I, among other 

things, held a workshop together with other 

designers from Halogen.
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Process & method

Prototyping

Testing out concepts through clickable 

prototypes

Feedback and testing

To get an understanding of what works and 

does not work. Showing the design to users, 

experts, and other designers, helps me iterate 

on the concepts further.
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Process & method
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Research & insight

Understanding the 

existing operation

36

Research & insight



Ship’s crossing phases
In order to get an understanding of how current sailing operates and what type of information one 

may need, I conducted interviews, desk research, and field study. Through the research, I found out 

that there are usually four sailing phases where they have different level of attention needs.

Out sailing Crossing

Moderate attention

Other ship on track

High attention 

Very high attention

37

Research & insight - understanding the existing operation

Approaching port Docking

Very high attentionHigh attention 

38

Research & insight - understanding the existing operation
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Collision avoidance protocals
From my field trip and user interviews, I 

learned that communication and 

understanding of others' intentions and 

behaviors are significant hidden ways to avoid 

collisions. VHF radio is used for 

communication, while the ship's window frame 

and anti-collision system are used for 

interpretation. Because, as wonderful as the 

regulations are, they only operate if all ships 

comply. Bastø Fossen even introduced VHF 

radio communication to avert collisions as part 

of their company protocol. The navigator's 

collision avoidance methods are shown below. 

Note that the protocal may differ base on both 

the navigator and situation.

Arguably, I found out later on through an 

expert interview, that the VHF communication 

protocol is not a standard. The experts further 

indicate that there is no mention of VHF 

communication as part CORLEGs rule. One 

of the rules actually states that the actions 

alone (either horn signals or the actual 

maneuver) should be clear enough that you 

would not need to contact the other ships.  This 

is to reduce excessive and unnecessary calls 

being made that could distract the navigator. 

On the other hand, based on research, verbal 

communication is still being widely used as a 

means to handle collision situations. However, 

they did also point out that this way of 

communication is prone to 

miscommunication. (Akdağ et al., 2022)
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Measuring using window frame

Communication via VHF

Kardasov Films (n.d.)
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Simplified collision avoidance journey

Navigator spots the 

potentialship on Radar/

ECDIS

Call the other ship via 

VHF to confirm their 

intention and to 

coordinate the plan 

according to CORLEGs

Measuring from the 

ships window frame for 

their intention

* The journey may differ based on the 

navigator and the situation.
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Proceed with pre-

coordinated plan with 

comprehensive 

maneuver to make the 

intention clear while also 

observing if the other 

ship follow the plan. Resume normal voyage
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Understanding MASS
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Summarized by Kim et al. (2022)

Envisioned benefits of autonomous shipping

Safety Reduce the number of maritime traffic accidents caused by human factors 

(e.g., fatigue, human errors, violations, improper maneuvering)

Reduce and reorganize the workload of human operators while decrease 

the risks of occupational accidents on board

Decrease the number of human injuries and fatalities from maritime 

accidents

Environment Reduce energy consumption through fuel saving measures and innovative 

ship design

Support maritime decarbonization and reduction of greenhouse gas 

emissions

Decrease the number of human injuries and fatalities from maritime 

accidents

Economy Reduce crew cost and proportionally higher cargo capacity due to 

absences of human-support facilities and systems on board

Reduce operating costs and improved ship fuel efficiency lead to better 

economic profitability

Societal 

influence

Mitigate the shortage of seafarers

Increase the attractiveness of seafaring professions

Mitigate gender imbalance issues in the maritime industry
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The concept is not new
Despite the autonomous ship being a hot topic 

in recent years, the idea of autonomous ships 

is certainly not new. IMO’s Maritime Safety 

Committee discussed automated ships as early 

as 1964. (EMSA, n.d.) One can find research and 

commercial products of smaller unmanned 

ships, typically for USV (Unmanned surface 

vehicles) which are usually used related to 

Marine Research.F

& Voyages by Thomas Wang. Master project at 

AHO exploring interfaces for autonomous 

(USV) maritime systems.  (Voyage - Exploring 

Interfaces for Autonomous Maritime 

Systems, 2021T

& Maritime Robotics offers multiple types of 

unmanned surface vehicles with software to 

control the vehicles. (Maritime Robotics | 

Innovative Unmanned Solutions, n.d.T

& Kongsberg’s Sounder USV is a unique multi-

purpose unmanned system with design 

aims to ensure higher hydroacoustic 

application performance. (Unmanned 

Surface Vehicle, Sounder - Kongsberg 

Maritime, n.d.)

However, the USV used for marine research will 

often operate far from shore and with its 

smaller size, could move quickly to avoid 

accidents. The same could not be said for MASS 

as they are bigger and slower, and would often 

be closer to shore at times and therefore have 

a higher risk of accidents that will result in a 

much bigger damage. Working with the MASS 

system, therefore, needs to be done carefully.
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Examples of USV from Maritime Robotic.  Photos obtain with permission.
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Research & insight - trust in automation

Situational factors

1 Time constraint.

1 Workloa9

1 The effort require9

1 The need to attend to other 

competing tasks.

Induvidual factors

1 Perceived ability to perform the tasQ

1 willingness to trusb

1 Other personal characteristics (such 

as age, gender, culture, and 

personality)

System factors

1 System validity and reliabilit�

1 Robustnes.

1 Subjective assessments of system 

reliabilit�

1 The recency of a system failur|

1 System understandability and 

predictabilit�

1 Timelines.

1 Integrity

Learned factor

Trust factors summarized by Endsley (2016)
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Research & insight - MASS key challenge : Out-of the-Loop

Situation awareness (SA)

Level 1

Perception of 

elements in 

current situation

Level 2

Comprehension 

of current 

situation

Level 3

Projection of 

future status

Decision Action

Feedback

Induvidual factors

� Goal¡

� Experienc�

� Preconceptio�

� Knowledg�

� Trainin�

� Abilities

Task/System factors

� WorkloaÄ

� Stressor¡

� System desig�

� Complexity

Base on Situation awareness model by Endsley (2017)
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Research & insight - MASS key challenge : Out-of the-Loop
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BUSINESS SIDE OF MASS
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$$$



��

�����������
�������	�����
����������������

����������
������
�(�����&���
����������������

$�� �����������
���������
(���5�3��(�����

&���
������������)���)������������5������������

�
������
��5�))�5��#7��
���������

�$$����
������5������������
�������������������

���)����#���
���))��
��������5��#��
��������$�

����5��#)�������������$��������
������������

��3�
�������$�������������
���$$����
�������

��
�������)��$)�����$������������������6

���
��������)���(�)����������
��������������&������

���5�����������
��������
���������
���������$�

&���������������������
����7��
�����������(�

����
���������$�����)���)���&����������

��$)��������#����
�$�������
�5��������)��)����

���&����������3�
���)���
��7�,�5�3��������

5��)���)�������
����������$�������
�������&��

���(��
����������������������������������
��

�$������������&���&)�������
�������������
�

�
�����$�����)��
����)�7�:��&3�#�����)7(�+�+�"

L����&���
������
���������)�����$����?���&��

�����Q$��������
���3��5��7��
������������#������

����
�)���������
�����))��������
�&)���
��

$������&)�(��
���$�������5�))���3�������
�����

��)��$)�����$������������������7�L��������

3����)���
��$����
������������)����
����(�����

�����$������&)����������������6

,�5���
�����$����$����
����)����
��������

�
��
�)���3���
������������
�������$���������))�

�
���
��������������������$�� ���7

hb`c�fa_gf�^�db`c�g`b]_\f

72

Research & insight  - Business side of MASS

$ =

$$ =

$$$ =
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Research & insight  - Business side of MASS

More ships = also more information...
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Research & insight  - Business side of MASS

Even if it suggests that one person should 

monitor more than one ship, as a designer, we 

will also have to take human factors into 

consideration.  Unlike machines that could 

process thousands of pieces of information at 

the same time, the human mind is much more 

limited. When moving humans from their 

environments, many of the senses they rely 

naturally upon just being on board disappear. 

These senses need to be supplemented 

through sensors and even more information, 

on top of the systems they would have used. 

Multiplying these pieces of information with 

multiple ships they would have to monitor, 

could easily lead to information overload and 

ultimately human error. (Man et al., 2014)
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Main takeaways

1
MASS ships are often large and slow, which 

means that actions take a long time to execute. 

And, due to the unpredictability of being out in 

the ocean, the ship may function in constrained 

autonomy, where it can operate on its own to a 

certain extent and inform the operator in 

appropriate time when unforeseen problems 

occur.

2

Because the navigator needs different 

information for different stages of the sailing, 

the system should show information based on 

which stage of the journey they are to avoid the 

operator being shown information they don't 

need. However, this needs to be handled 

carefully to avoid the operator from missing 

out on important information in their sailing.

3

In order to reduce the risk of being out of the 

loop, the system must engage with the user, 

treating them as teammates rather than a 

passenger. It allows the system to benefit from 

the operator's knowledge and expertise, build 

trust and confidence, and ensure that the ship 

is operating safely and in compliance with 

regulations.
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Research & insight

4

In order for the operator to trust the system, 

the system must be transparent and open, 

providing the operator with clear and concise 

information about the ship's status and 

surroundings. This can help the operator 

understand what the ship is doing and why, 

which can increase their confidence in the 

system, and also validate it’s decition.

5

Research shows that 56% of collisions at sea 

are caused by the violation of COLREGs. As long 

as the autonomous will be sailing together with 

other manned ships, the algorithm could not 

be based on the rules of the road alone, but 

also other aspect of collision avoidance 

protocal such as communication, and 

potencially involve the user in this situation.

6

It has been suggested that to make an 

autonomous ship profitable, one operator 

should monitor more than one ship. However, 

this could also lead to information overload 

and research on how many vessels one person 

could handle mentally is still ongoing. This 

must be handle carefully to avoid information 

overload.
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Focus area
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Design development

1
Overview dashboard

To give the operator an overview of the 

multiple ships they have been assigned to

2
“Machine brain”

a navigational tool intends to show what is 

going on inside the “brain” of the machine.

3
AR overlay

AR overlay on a live video from the ship to 

provide the operator with a visual of what is 

going on in the environment. The AR function 

would supplement the loss of senses from 

being on the ship.
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Design development

Quick and dirty visualization of overview 

dashboard

How the “machine brain” looks like based on 

tesla’s GPS system

3D “machine brain”

AR overlay in a foggy scenerio
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Design development

Illustration by Jon E. Fauske (2022)
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Design development

My library
Because the structures and components were 

already in place, I was able to rapidly begin 

digitally exploring the concept. As this is only 

the beginning for OpenRemote, new 

components that match the autonomous 

system must be built, which means I will also 

construct my own library of components. This 

way, by using the project as a use case, I could 

help expand the component library, and feed 

the component back to the industries for 

iterations.
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Machine notification logic



Request to enter …
As mentioned, different stages of the voyage 

require different types of attention and have 

different collision risk. Information about when 

the ship is entering different stages of the 

sailing is therefore very important, since 

missing out this information will give the 

operator false sense of security. 

For this reason, I have established a system 

requirement where they will need 

acknowledgement from the operator every 

time they are entering new stages in its voyage. 

This way the operator will both be involved in 

decision making and in being aware of the 

ship's situation.

Out sailing Crossing

Request to out sail Request to cross
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Approaching port Docking

Request to approach port Request to dock
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Working with 

overview dashboard
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Design exploration
Overview dashboard is the first forefront of all  

ships, for this reason information shown here 

needs to be effectively communicated. The 

purpose of the overview dashboard is to not 

show everything, but enough for the operator 

to know which ships they need to pay more 

attention to.

Main focus of this interface has beenL

P Identifying how much information one 

needs to get overvieW

P Showing how would different sailing stages 

looks lik@

P Effective notificatioU

P Giving the operator awareness of their own 

working progress

Takes less space and is more structured

Information structure to help the operator to 

know where the ships are
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Making operator aware of their timeVisualization of the ships situation 

(smaller version of what is being shown 

in detailed view)

Notification exploration
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Working with 

“Machine brain”
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Use OpenBridge's own ECDIS, radar and 

OpenAR design as my starting point.
When I started working on the “machine brain” 

interface I used OpenBridge's own ECDIS and 

Radar, and components from OpenAR project 

as my starting point. By seeing examples of 

existing systems, it helped me establish the 

structure of the interface and give me 

guidelines for what type information one 

would need for the concept.

Since I already know what type of information 

one may need from the insight phase, I could 

quickly start experimenting with the design.

OpenBridge OpenAR design
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OpenBridge Radar design

OpenBridge ECDIS design
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Base design
Using existing design from ECDIS, Radar and 

Open AR cases, together with the findings from 

research phase, I have designed a base 

interface for the “machine brain” where I 

identified where the various types of 

information may live.

Own ship info Main visual

Voyges overview

Targets the system is 

“watching closely”

All targets (not prioritized)

Vector adjustment
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Tansparency in collision avoidance base on unpublished diagram by PhD 

candidate, Koen van de Merwe. (n.d)

Ships function defined by DNV

Human HumanHuman Human

System SystemSystem System

Condition detection Condition analysis Action planning Action control

Fishing vessel (80%)

Give way

CPA .34 NM Condition detection

Condition analysis

Action planning

Future state UncertaintyA

B
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Collision avoidance sequence

*0 System detects two ships that they need 

to watch closely

CONDITION DETECTION
System confidence

Data source

Navigational reliability fansUnrelevant targets
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2. System detects a risk of collision on one ship

Concept of system contacting other ship to verify their intention

CONDITION ANALYSIS
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3. When the risk of collision is certain, the 

ship shows collision zone and potential 

collision point.

System takes the “first step” but 

operator must always verify to avoid 

miscommunication

Messege system sended out

Answer from other ship

CONDITION ANALYSIS
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4. The system is calculating a plan where it 

shows a recommended plan.

Where the ship would be in 

the next 6 min with the new 

route

If no action is taken, the system 

takes action on it’s own, either full 

stop or proceed with the plan

See more button

ACTION PLANNING
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5. The user is able to chose an alternative 

plan or see the reasoning behind the 

suggested plan.

Clickable alternative routes Parameters used

Decision base on success rate

ACTION PLANNING
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6. When a plan is chosen, the system shows 

the new route and proceeds with the chosen 

plan

System feedback to the userNew route

ACTION CONTROL
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Working with AR 

overlay
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Instrument from OpenBridge library

Component from OpenAR

From OpenAR Base on OpenAR

Prioritized targets 

with camera “zoom”

Compass

Instruments

Guidance lines to 

imitate window frame
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Continuous feedback loop from 

multiple experts
Throughout the project I have involved multiple 

experts(experts from OICL, automation 

transparency experts, other experienced 

designers) to push the project in order to 

iterate on the design. I was lucky to have got a 

workspace at OICL and thus have access to 

experts from OICL to have both proper design 

feedback sessions and quick feedback on 

multiple parts of the project. This way I could 

have a continuous feedback loop and iterate on 

my ideas quickly.

I was also lucky to have the opportunity to have 

multiple feedback sessions with several 

experienced designers at Halogen, from which I 

gained a new perspective on my design
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Design development

Photo by Kjetil Nordby (2022)
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Design development

Iterations

nudging the user to take action 

rather then the system Clearer communication

Clearer and simpler visualization

132

Design development

Clearer visualization

User could coordinate the plans 

together with other ships before 

deciding

Dynamic solution & streamline 

information
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OpenRemote Beta
Support system for monitoring 

autonomous vessels

167

Proposal

Workstation model designed by Kongsberg Group 

Using with permission
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Proposal

The card’s structure
All the cards have the same structure to avoid 

confusion, where it has been divided into five 

parts:

1 The top bar displays all controllable 

features, including active alarms, who is 

in charge, and ship status. To avoid 

distracting the operator, the ship status 

and who is in control are labeled, while 

the other button is reduced to an icon.

2 The voyage overview in the upper half 

of the cards helps the operator track the 

ships' progress.

3 The card's midsection depicts ships and 

their environs. The visualization will 

display ship stage-related data. The ship's 

trip will provide the user with relevant 

information. In case of unexpected 

situation, the system will notify the 

operator through a notification toast.

4 Emergency buttons allow the operator 

to halt the ships instantly. If one ship is in 

danger and they can't focus on the 

others, by having a stop button accessible 

by one slide will help them feel in control.

5 The card's bottom shows how long the 

operator has actively watched the ship, 

helping them track their progress.
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Detailed 

dashboard
The navigation tools or “machine brain” aims to 

show the navigator what the machines “see” 

and its thought process. It is a detailed version 

of what is shown in the overview dashboard. 

Here the user will be able to obtain the ship 

situation and communicate with the system if 

needed.

1 Topbar: Operational global functions 

such as alert, command, and states

2 Left panel: own ship information, 

voyages overview, and ability to 

communicate with the system.

3 Main display: visualization of the ship 

and its surrounding.

4 Right panel: Additional information 

related to the ships surrounding. For this 

project, I have focused mainly on the 

target list function.

2

150

Proposal

3 4

1
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Own ship information Next way point

Voyage overview Own ship“free for action”  limit
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Unrelevant targetVector length input

Target the system is watching Target lists
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Camera overlay
The camera overlay is meant to give the 

operator a feel of the real-life situation of the 

ship. The overlay is essential, especially in a 

situation where there is low visibility in the 

surrounding.

1 The top part allows the user to obtain 

compass and HDG and COG information.

2 The middle part allows to operator to 

see the ships path and targets detected, 

this way the operator could easily locate 

where the targets are. The guidelines 

shown can be used to measure the 

targets ship movement.

3 Left bottom panel shows a minimized 

version of instruments used to obtain 

additional information of the ship and the 

ships surrounding.

4 Right bottom panel shows targets list 

with “zoom in” camera of the target so 

the operator could easily see the target.

3
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Collision avoidance journey
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Proposal

CONDITION DETECTION

1. The system detect two ships they need to 

look closer into

160

Proposal

CONDITION ANALYSIS

2. The ship detects a risk of collision with MS 

Garnez and notify the operator. To 

determine the chance of collision, the 

system starts measuring her deviation.



3. When a high chance of collision is 

detected, the system will enter into a 

warning state.

CONDITION ANALYSIS
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4. The system will then calculating the plan 

to avoid collision.

ACTION PLANNING

162

Proposal



5. Within a timeframe, users can choose 

plans. The system shows available plans and 

where the ship would be at collision time.

ACTION PLANNING
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6. The user also have opportunity to contact 

other ships to coordinate the plan together 

before deciding on a plan.

ACTION PLANNING

164

Proposal



7. When a plan is taken, the system gives 

feedback to the user. All other plans 

disappear from the display screen.
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8. The system provides plan feedback 

throughout execution. With the vector, the 

operator may monitor system compliance 

till there is no risk.

ACTION CONTROL

166

Proposal
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Proposal

Workstation model designed by Kongsberg Group 

Using with permission
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Reflection

Further exploration possibilities
Since my project only last for one semester, 

there are not enough time to explore every 

aspect of the design for the system. Following 

are lists of potencial exploration areas worth 

checking 

� Exploration with other more complex 

collision scenerios such as risk of collision 

with multiple large vessels and areas with 

huge amount of other small boats without 

AIS,

� Build-ins machine learning model where the 

user could actively teach the system 

different aspect of sailing in order to 

progress the alghoritimn,

� Gamification model to keep the user engage 

in monitoring,

� Long term collision avoidance support 

where the system could help avoid risk of 

collision before the risk are even present

� it would also be interesting to see how the 

docking and departure/arrival stage would 

look in the details dashboard,

� Explore the design for scenerios where the 

user have to take manual control of one 

shiM

� Explore the scenerios when the user needs 

to communicate with other on-site seafarer 

when dockin\

� Exploring the “personallity” of the system: 

tone of voice and possibily the design for 

avatar of the systeI

� Collaboration model where a team of user 

are monitoring multiple vessels together
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Access figma file here

https://www.figma.com/file/FhmvU0QsROgvJCwocGoUrL/OpenRemote-Beta?node-id=614%3A153860&t=AEujC1CxHqGIjVAM-1
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Reflections
Throughout the whole project, I have learned 

that autonomous technologies are much more 

complex than just replacing humans with a 

machine. Ineffective collaboration between the 

system and the user may result in someone’s 

life being lost. For this reason I want my design 

to be as effective as possible, which leads me 

to read what feels like an infinite number of 

research reports because I was afraid I would 

miss out on some important points. However 

when starting to do the actual design work, and 

having something to show and discuss, it 

became easier since the discussions always 

lead to new ideas and perspectives, and it 

became fun to explore more design based on 

the feedback.

Talking to the navigators and getting feedback 

from them was very valuable, not only on the 

proposal, but also on their thoughts on the 

autonomous ship concept in itself. Working on 

a system that will introduce such a drastic 

change in their life is not easy, some seem to 

be positive, others more skeptical and 

defensive. But by asking more of “why” than 

“what” questions, it gives me a much deeper 

understanding of what they actually mean.
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ขอบคณุคะ่

Thank you
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