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Glossary

AIS = Automatic Identification System
IALA = The International Organisation for Marine Aids to Navigation
IMO = International Maritime Organisation
LOA = Levels of Automation
MASS = Maritime Autonomous Surface Ships
PoR = Port of Rotterdam
SCC = Shore Control Center
RIA = Robotic, Intelligent and Autonomous Systems
USV = Unmanned Surface Vessel
VHF radio = Very High Frequency Radio or mariphone
VTS = Vessel Traffic Services
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Summary
In recent years, the focus of automation has shifted to collab-
oration between humans and robots. It is clear that human-
centered design is crucial to achieve a successful collab-
oration, as it improves job quality, builds trust, and avoids
design flaws by involving workers throughout the process.
However, designing successful human-robot collaboration is
difficult due to the multitude of stakeholders and the com-
plexity of real world environments.

According to the literature, several pitfalls can hinder suc-
cessful automation. First, automation is often perceived as
a substitute for human work, leading designers to overlook
how automation impacts the overall functioning of the sys-
tem and neglect human factors in the design process. How-
ever, in practice, human work will always coexist with au-
tomation. Second, there is often too much focus on techni-
cal aspects, which causes the broader implications for the
surrounding environment to be ignored and results in a fail-
ure to design for human work. Third, there is a gap be-
tween designers and workers, leading to an oversimplified
understanding of human work and the implementation of
technologies that do not align with workers’ needs. To ad-
dress these issues, workers must be involved in the design
process from the beginning through human-centered design

methods. Additionally, the broader implications of automa-
tion must be understood.

The aim of this thesis was to explore how a human-centered
transition to a more automated work environment can be en-
sured at the start of automation projects. To investigate this,
a case study was conducted on hydrographic survey work
in a major Dutch seaport: The Port of Rotterdam. In this
port, the transition to a more automated work environment
is planned but not yet defined, creating an opportunity to
develop a proactive approach.

First, in order to get a clear picture of the trends that shape
autonomous shipping, an analysis of the macro environment
was done by looking at political, environmental, sociode-
mographic, technological, economic and legal factors (PES-
TEL). From this it became apparent that there are many de-
velopments related to autonomous shipping in the industry,
like the use of shore control centers and that Dutch regu-
lations allow for unmanned vessels in 2025, making it likely
that unmanned surface vessels (USV) will become opera-
tional in the near future. This thesis proposes an approach
consisting of four practical steps to secure a more human-
centered transition at the start of automation projects and
applies them to the case study:
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1. Identify key actors in the current process
From mapping out the ecosystem and information
flows, it became clear that surveyors, skippers and
VTS operators would be in direct contact with un-
manned surface vessels and that their communication
is key in survey operations in the port.

2. Understand the broadness of their work
Through context research it became clear that survey-
ing at high traffic areas is intense for skippers, that
surveyors dislike errors in the data and that VTS op-
erators value predictability and experience overload in
their work.

3. Understand their expectations of automation
Through interviews with surveyors, skippers and VTS
operators, it became clear that the implementation of
an unmanned surface vessel could have a negative
impact on their work. For VTS operators, the USV
could be an extra burden at peak times, skippers dis-
liked working from an office and surveyors did not like
increased measurement errors and technical issues.

4. Explore value creation with worker-technology fit

Through exploring worker automation fit it became
clear that a hybrid scenario is necessary to allow skip-
pers to also work in the field. Additionally, it is impor-
tant that workers closely collaborate with development
teams to quickly resolve technical issues with the USV.
Since there is currently no digital VTS, a human skip-
per must remain in direct contact with a VTS operator
for now. Here, communication delays must be pre-
vented. A potential advantage for VTS operators is
that the USV could share its tracks in the future. The
USV must also be able to operate in areas with high
traffic density. One way to achieve this is by leveraging
the flexibility of remote control, ensuring that the USV
is deployed in these areas only when vessel traffic is
low. This would prevent VTS operators from being
overloaded by the USV during peak times. It would
also ensure that skippers do not have to conduct sur-
veys mainly in busy areas because the USV cannot do
so, and that surveyors do not receive poor-quality data
due to prop wash disturbances from other vessels.

These insights led to a final scenario with a phased out im-
plementation in which a hybrid, remote control approach is
presented.
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1.1 Research gap and objective
Robotic, intelligent, or autonomous systems (RIA) are tech-
nologies with some degree of self-regulation (ISO, 2020).
These are a form of automation, which refers to machines
taking over tasks previously done by humans (Parasuraman
et al., 2000). In recent years, the focus of using robots in
the workplace has shifted from a separation between hu-
mans and robots to an integrated environment in which hu-
mans and robots work together. In these workplaces, ef-
fectiveness depends on the success of the collaboration be-
tween humans and robots (Baltrusch et al., 2022). Espe-
cially in unpredictable environments, human robot collabo-
ration is preferred. However, the design and implementation
of this is complex, since it combines technical challenges of
human robot collaboration with a multi-stakeholder environ-
ment (Schroepfer et al., 2024).
Existing literature describes how workers are affected af-
ter the implementation of automation in real world environ-
ments, like autonomous cars, or buses (Akridge et al., 2024)
(Chu et al., 2023). From these studies can be learned that
the introduction of new technologies, like autonomous ve-
hicles, can greatly affect the nature of work as well as the
power and social dynamics within workplaces (Chu et al.,
2023).
Previous research shows ”automation pitfalls” that can re-
sult in harmful outcomes, including reduced job satisfaction.
These pitfalls are: The false idea that automation substitutes
human work (Baur & Iles, 2023)(Bradshaw et al., 2013), an
overemphasis on technology (Kristensen & Børsen, 2024),
and a large gap between designers and workers(Chu et al.,
2023)(Akridge et al., 2024).
According to Baltrusch et al., 2022, the use of human-
centered design is essential in achieving successful human-
robot collaboration and maintaining job quality. Human-
centered design involves considering the needs of end users

during the design process (van der Bijl-Brouwer & Dorst,
2017). Furthermore, Baltrusch et al., 2022 and Chu et
al., 2023 argue that involving workers in the development
of human-robot collaboration improves work quality, builds
trust, and prevents design flaws, as workers bring valuable
practical knowledge.
However, a concrete approach on how the transformation of
human work can happen in a more human-centered way is
still missing.
Therefore, the research question is:

How can a human-centered transition to a more automated
work environment be secured at the start of automation
projects?
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In order to answer this question, a case study will be done
on hydrographic survey operations in a large Dutch seaport:
The Port of Rotterdam. In this case, the transition towards a
more automated work environment is planned to happen but
has not taken shape yet. The immaturity of the project pro-
vides space to collect workers’ needs and ideas related to
autonomous technologies, before the transition has started.
Getting more clarity on workers’ current work experiences
and their expectations and concerns of the future at the start
of a project might allow organizations to take a more proac-
tive approach in avoiding the pitfalls of automation during the
design phase, which will result in a more human-centered
approach to automation and a greater quality of work.
In order to answer the research question, the following sub-
question need to be answered:

• What are autonomous technologies, how do they ef-
fect human work, and what methods already exist for
designing for automation?

• What trends can be found within the macro environ-
ment of autonomous ships and the Port of Rotterdam?

• Which workers would be most affected by the imple-
mentation of automation?

• What entails the current work of these workers?

• What are the attitudes and experiences of workers in
the Port of Rotterdam regarding automation?

• In what way could autonomous technologies be a pos-
itive contribution to the current work environment?

1.2 Case introduction
It is important to make a distinction between the Port of Rot-
terdam, as a port full of companies and and the Port of Rot-
terdam authority as a company. The whole port area is over
8000 ha and has a length of over 40 km. It is the largest Eu-
ropean port by throughput. The port area hosts over 3000
companies and 500000 workers. An overview of the port
area can be seen in Figure 1. The Port of Rotterdam au-
thority has the role of a landlord, they provide services to
the companies that operate in the port and consist of around
1300 employees (Port of Rotterdam, 2024b). From now on
I will refer to the port area as the port and to the Port of
Rotterdam authority as Port of Rotterdam (PoR).

Figure 1: Map of the port area. Taken from (Port of Rotter-
dam, 2024b)
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The project will be conducted for the innovation department
of the Port of Rotterdam (PoR) within the context of the port.
Maintaining its competitive position is crucial for the PoR.
In terms of innovation, the port tends to be reactive, leav-
ing most of it to the external environment and companies.
However, a few years ago, the strategic focus of the port
shifted. The PoR no longer aims to be the largest port,
but the smartest and most sustainable, as physical growth
had reached its limits. The emphasis has changed from in-
creasing volume to creating value for businesses. This has
also led to the development of a new purpose: Connecting
the world, building tomorrows sustainable port. In parallel,
the port is undergoing multiple major transitions: The en-
ergy transition, digital transition, raw material transition and
the safety transition. The port aims to be a leader in dig-
italization and innovation. This push towards digitalization
(of which autonomous shipping is a subsection) is driven by
economic, political, and environmental factors (Belmoukari
et al., 2023).
In the PoR, Asset Management is planning to modernize
the surveying fleet. Hydrographic surveying is a process in
which the ports’s seabed is mapped. Based on this informa-
tion, it can be determined whether the port needs dredging.
To perform this, a surveyor and a skipper navigate a survey
vessel through the port.
The integration of unmanned surface vessels (USVs) into
the hydrographic surveying process is seen as a way to pre-
pare the port for larger unmanned, autonomous, ships in
the future. However, despite the technological readiness of
USVs, little is known on how the implementation of an USV
would impact human work in the port. Surveyors and skip-
pers are concerned that their roles may be altered or even
replaced by automation. On the other hand, VTS opera-
tors, responsible for navigational safety, are worried about
regulatory and safety implications of USVs. The innovation
team is caught between advancing technology and address-

ing the concerns of these stakeholders. Having a concrete
approach on how the transformation of human work hap-
pens could help the PoR and other organizations with a tran-
sition to increasingly automated work environments.

1.2.1 Project stakeholders

The project consists of multiple stakeholders. I will be work-
ing as a graduate intern from the TU Delft at the innovation
department of the PoR. The PoR has a business side, of
which tHe innovation department is a part and an opera-
tional side, which concerns the stakeholders involved with
hydrographic surveying operations, like VTS operators, sur-
veyors and skippers. Both sides of the organisation have dif-
ferent core tasks. The organisational side is responsible for
the sustainable development of the the port area and the op-
erational side is responsible for maintaining safe and smooth
handling of all shipping. The organisational structure can be
found in Figure 2.

Figure 2: Organisational structure of the PoR. Taken from
(Port of Rotterdam, 2024a)
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Figure 3: Stakeholder map of the project, mapped from operational to strategic involvement into the project

Many stakeholders within the PoR are either direct or in-
direct involved with hydrographic surveying or autonomous
shipping (Appendix A). I have mapped these stakeholders
on a scale from direct operational involvement towards indi-
rect strategic involvement, which can be seen in Figure 3.
In this circle, at the core are the people whose day to day
work would be impacted mostly by the implementation of
autonomous ships. These people are considered to be the
end users and are surveyors, skippers and VTS operators.

The indirect operational level consists of people who are not
directly doing the survey work or traffic management, but are
involved with making the day to day operations possible, like
planners, data cleaners and managers. The direct strate-
gic level consists of people that are in control of the fleet
renewal program or that are working on regulations. The in-
direct strategic level consists of people from the innovation
department. Stakeholders from the innovation department
that are involved with hydrographic surveying are for exam-
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ple the autonomous shipping program manager. The inno-
vation team is on the lookout for new emerging technologies
and trends that could impact the port.
During my project, I will work at the innovation department.
However, my focus will be on the inclusion of people from
the direct operational level during the design and implemen-
tation of autonomous shipping in the port.

1.2.2 Autonomous shipping and the innovation depart-
ment

The innovation department consists of 12 members and
used to be two separate teams: the digital innovation team
and the central innovation team. Since both teams are com-
bined into one, the innovation department, is looking toward
open ecosystem innovation (multiple helix innovation). In
this approach joint value is created through collaboration
with a multitude of public and private organisations.

In order to create consistency when discussing innovation in
the port, they have created a port reference architecture. In
this port reference architecture, the port is considered to be
a piece of land (space) shared with infrastructure to facilitate
transport and logistical processes (Figure 4). The lower the
level, the more critical PoR’s role becomes (Port of Rotter-
dam, 2024b).
It is important to note that in this definition not only space
is shared but also time, during which developments come
their way that impact the port. These developments are cat-
egorized into three horizons. This model is shown in Figure
4. The innovation department noticed an increased interest
in autonomous ships in the maritime industry and wants to
explore how autonomous ships could navigate safely in a
port environment. In order to explore this, the innovation de-
partment is planning to take a hands on, iterative, approach:
They do a lot of prototyping through pilots. Based on these
pilots, improvements are made and tested again.

Figure 4: port reference architecture model mapped on time. Taken from (Port of Rotterdam, 2024b)
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1.2.3 The fleet renewal program

The fleet renewal program was initiated because the vessels
in the port’s internal fleet will reach the end of their techni-
cal lifespan within the next 12 years. The port authority sees
this as an opportunity to make the fleet completely emission-
free by 2035 (the hydrographic survey vessels are planned
to be built in 2030), which is in line with the general pur-
pose of the PoR. For this the fleet renewal program believes
that ”The only way forward is a sustainable one.”. To re-
alise this, the program is expressing to take a collaborative
approach that addresses behavioural change and changes
in processes. Due to the many uncertainties and assump-
tions, the program desires to have creative sessions in the
early stages. Through these sessions they try to collaborate
with fleet masters, explore market possibilities, and validate
new innovations (Port of Rotterdam, n.d.). The fleet renewal
program is about the entire fleet of the PoR, within this fleet,
there are two survey vessels used for hydrographic survey
operations.
A vision of hydrographic survey vessels has been included
in the fleet renewal program. A detailed explanation of hy-
drographic surveying can be found in Appendix B. A driver
to make surveying quicker and more efficient is the loom-
ing employee shortages. The current age of surveyors is
58 years, this means that most of the current surveyors will
retire within the next ten years. The vision consists of two
fully electric survey vessels and a USV that are deployed
five times a week for eight hours. The minimum crew for
these vessels is one skipper and one surveyor. The survey
vessels will be equipped with a new ”dualhead echobeam”,
which has an increased range of 25 percent compared to
current measurement tools to make measurements faster
and more efficient. There is also a plan to have a 100 per-
cent coverage on embarkments (Snoek, 2024b).
The first survey vessel in the vision (vessel 1) is planned to

be used to measure close locations that are difficult to mea-
sure, like embarkments and docks. This survey vessel will
be accompanied with the USV. A visualisation of this vessel
from the fleets vision can be seen in Figure 5.

Figure 5: Vision of survey vessel 1. Taken from (Snoek,
2024b)
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The second vessel in the vision (vessel 2) will be used for
projects and all other tasks like silt measurements and ad-
ditional depth measurements. A visualisation of this vessel
from the fleets vision can be seen in Figure 6.

Figure 6: Vision of survey vessel 2. Taken from (Snoek,
2024b)

The USV handles the long stretches, while the manned ves-
sel takes care of the slopes and difficult areas. In places
where precise manoeuvring is needed, it’s better to use the
manned vessel to gather data. For now, the USV is seen as
an extra tool that allows for quick coverage of a survey area
stretching for kilometres with minimal ship traffic.
However, the communication between the unmanned ves-
sel and passing inland ships is challenging, and there is still
someone needed to monitor the surroundings, since skip-

pers have a lot on their plate already. An extra crew member
will be assigned to account for the USV. This person should
understand the practical needs of deploying the USV, man-
aging batteries, and handling systems.The operating station
for the USV is planned to be located on the starboard side,
next to the skipper. This station is planned to double as an
workstation. The workspace should also be arranged to al-
low control of the USV with a view of the back of the vessel.
The primary task of the two vessels is to conduct depth mea-
surements. Secondary tasks include silt measurements,
current measurements, laser scanning, and visual inspec-
tions with a 360-degree camera (Snoek, 2024b).
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1.3 Design approach
During the project, I will use the Double Diamond method
(Design council, 2015). The Double Diamond is a human-
centered design method consisting of two phases. Within
each phase, exploration and convergence occur, followed
by divergence. For this project I first conducted an analysis
of the macro environment and literature research. Based on
the findings from the first phase, a project approach consist-
ing of four steps was created. This project approach is used
in the execution of the first diamond. It involves the identifi-
cation of key workers, understanding the broadness of their
work, understanding their attitudes and expectations of au-
tomation and finally exploring worker-technology fit. Based
on the findings from this first diamond, a final future scenario
was created. This scenario and the project approach were
validated with the innovation department. An overview of the
design approach and the corresponding chapters is shown
in figure 7.

Figure 7: Design approach, following the double diamond
model
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2 Analysis of the
macro environment
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2.1 Introduction
In the current situation, the PoR is at the start of a poten-
tial transition. In the port area, a lot of manual navigation
is still taking place, but some companies are already test-
ing autonomous navigation. The technology in this phase
functions reasonably well but is not without issues. Workers
seem aware of the concept of autonomous ships and sense
that it is on the horizon, but it still feels distant. Acting in this
situation means working with technology that is not yet fully
proven, with people who are not yet accustomed to working
with it, and within a framework of new or missing laws and
regulations.
It is essential to consider all these factors that could influ-
ence the future. To gain a comprehensive view of the macro
environment surrounding autonomous shipping, a PESTEL
analysis was conducted.

2.2 Methodology
Macro environmental factors influence entire industries and
sectors. The PESTEL framework categorizes these factors
into six main types: political, economic, social, technologi-
cal, ecological, and legal (Aguilar, 1967). By organizing fac-
tors in this way, I ensure that each type of influence that
could affect the future of autonomous shipping is consid-
ered.
Various factors were identified through conversations with
industry experts. Others were found through online desk re-
search on autonomous shipping. I categorized each factor
within the PESTEL framework using Miro.

2.3 Results
The factors that were found with the PESTEL analysis are
shown in Figure 8.
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Figure 8: PESTEL analysis
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2.4 Conclusion
A PESTEL analysis was done to get a holistic overview of
different factors that influence the adaptation of autonomous
shipping. From this analysis, the following can be con-
cluded:
Regulation is very important in the maritime sector. At the
moment, efforts are being made to enable autonomous ship-
ping and digital VTS communication, but these develop-
ments are progressing slowly and are still in their infancy.
However from 2025, crewless navigation is allowed within
the Netherlands. This will likely push developments towards
unmanned surface vessels (USV).
Regarding environmental factors, the port is making strong
efforts to make its way of working more sustainable. What
might work against this is the current government’s reduced
ambition to achieve climate goals.
Technological developments related to autonomous ship-
ping are moving fast. There are many initiatives proving that
autonomous shipping is becoming a reality, for example the
use of shore control centers. At the same time, work on
other technologies is ongoing, such as the implementation
of 5G in the port and the creation of guidelines for digital
communication with the VTS center. These technologies
will be necessary to make digital communication between
autonomous systems efficient. Additionally, drones are al-
ready being flown commercially in the port. This project
could create synergies for autonomous shipping. There are
also threats regarding (cyber)security, such as AIS and GPS
spoofing and the use of underwater drones in warfare.

From a social perspective, there are labour shortages in the
Netherlands, which presents an opportunity for autonomous
shipping, as it could contribute to more efficient operations.
A potential hindrance for the adaptation of autonomous
ships, is the conservative maritime industry and the reluc-
tance of logistics companies to share data.
From an economic perspective, the high initial costs of im-
plementing autonomous ships present a barrier. This fac-
tor could become more pronounced in the future due to in-
creasing pressure for technological sovereignty from the Eu-
ropean Parliament, which could drive up hardware and de-
velopment costs.
Several political factors play a role. In the coming years,
the PoR will face increasing pressure from its shareholders,
consisting of the government and the municipality of Rotter-
dam, to make a societal contribution to the city. Addition-
ally, at a European level, there will be a growing focus on
safety due to geopolitical unrest. The European Parliament
also aims to increase shipping traffic, which will affect the al-
ready existing labour shortages. Finally, there is an increase
in collaboration on innovations between countries.
All these factors directly or indirectly influence how the de-
velopment of autonomous shipping will unfold in the future.

2.5 Next steps
Now that I have a comprehensive understanding of multiple
factors that are of influence on the case. I will conduct liter-
ature research to gain a better understanding of automation
and autonomous ships.
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3 Literature research
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3.1 Introduction
The goal of this study is to understand what autonomous
environments are, how they affect human work, and what
methods already exist for designing for automation. I also
want to understand the potential factors that could hinder its
implementation.
For the first exploration of the literature, I gathered a number
of articles related to human roles in autonomous systems
and resistance to automation. The data consisted of sci-
entific publications. I collected these publications in various
ways. For example, I attended a symposium on meaningful
human control in increasingly autonomous systems (House
of AI, 2024) and included publications from this event in my
review. I also got some recommended articles from my su-
pervisor on the topic of automation and human work.
After reviewing more general work on autonomous systems
and their impact on work environments, I conducted a scop-
ing review to focus specifically on the topic of autonomous
shipping. The goal of the this scoping review was to gain
an overview of the current knowledge on human roles and
autonomous ships.

3.2 Related work

3.2.1 Definition of autonomy, automation and au-
tonomous environments

When I refer to autonomy or autonomous technologies, I
mean robotic, intelligent or autonomous technologies (RIA).
This term is used by the International Organisation for Stan-
dardisation (ISO) to refer to technologies that have to some
extend the ability to self-govern or regulate (ISO, 2020).
RIA, or autonomous technologies are not the same as au-
tomation. Automation is defined as the takeover by ma-
chines of functions previously performed by humans (Para-

suraman et al., 2000). An automated work environment is
an environment in which there is a certain degree of au-
tomation.

3.2.2 Balancing automation and human work

The traditional goal of automation is to substitute human
control, decision-making, and problem-solving with ma-
chines and computers (Chu et al., 2023). Tasks are acceler-
ated by technology through reducing the steps that are time
consuming or prone to human error (Delfanti & Frey, 2021).
This is done by enhancing a machine’s autonomy to a level
where it can reliably function independently (Delfanti & Frey,
2021).
When designing for automation, the design process is im-
portant, as pitfalls during the design process can lead to
negative consequences when the system becomes opera-
tional (Bainbridge, 1983).
Automation is often promoted as a simple plug-and-play so-
lution to ease daily tasks (Baur & Iles, 2023). Even though
a key motivation behind automation is to reduce the work-
load for human operators (Delfanti & Frey, 2021), in prac-
tice, human work will always coexist with autonomous sys-
tems (Bainbridge, 1983)(Parasuraman et al., 2000)(Baur &
Iles, 2023)(Boeva et al., 2023)(Bradshaw et al., 2013). This
is because automating parts of the system will change the
very nature of the work, rather than make it obsolete (Para-
suraman et al., 2000). Which makes it impossible to replace
human work without altering the system’s overall function
(Bradshaw et al., 2013).
For this reason, assuming that automation is a plug-and-play
solution can be harmful, as it may lead to overlooking how
automation alters the overall function of the system (Brad-
shaw et al., 2013) (Baur & Iles, 2023) or neglecting the hu-
man perspective, while in practice, human work will always
coexist with autonomous systems (Bainbridge, 1983). As a
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result, Human operators are often left to handle tasks that
the designer were not able to automate or design for, re-
sulting in more difficult work (Bradshaw et al., 2013). If the
above pitfalls occur during the design and implementation of
autonomous technologies, Bainbridge, 1983 argues that the
operator is often left with a set of random tasks for which no
support is designed. These tasks fall into two categories:
manual control and monitoring. The irony of manual control
and monitoring is that the operator’s manual control skills
deteriorate when most of their time is spent merely monitor-
ing the system, yet they face more challenging tasks when
manual control is required. When the operator is tasked only
with monitoring the autonomous system and cannot inter-
vene, there is a paradox where the operator must supervise
a system that thinks faster than they do (Bainbridge, 1983).
Another pitfall that occurs during the design process is the
existence of a large gap between designers and workers. In
practice, technologies are often not created by those who
will ultimately work with them (Chu et al., 2023). For ex-
ample, Akridge et al., 2024 argues that the socioeconomic
gap between bus operators and designers developing au-
tonomous vehicles leads to a reductionist perspective on
the work of operators. While Chu et al., 2023 say that
the disconnect between designers and operators leads to
a lack of awareness of the impact of their designs on work-
ers. This Ultimatly leads to the implementation of technolo-
gies that are not in tune with its workers’ needs (Chu et al.,
2023)(Akridge et al., 2024).
In complex and dynamic environments, fully autonomous
technologies remain a myth (Bradshaw et al., 2013). De-
spite this, much focus is often placed on the advancement
of technology (Kristensen & Børsen, 2024). Calvert et al.,
2024 claims that overconfidence in technology can lead to
safety issues and that human-centered design can be used
to combat this. (Bradshaw et al., 2013) suggest that instead
of striving for as much automation as possible, we should

assess whether full automation is desirable in a context.

3.2.3 Towards a responsible transition

As previously discussed, errors in the design process are
a cause of problems (Bainbridge, 1983). But how can we
properly design for automated work environments? To ef-
fectively implement automation, designers need to consider
not only technology but also the broader social implications
of their designs (Chu et al., 2023). Secondly, it must be un-
derstood that automation will always need human-machine
collaboration. Therefore, the focus in the design process
should be on machines that can effectively collaborate with
humans rather than machines that replace human work
(Bradshaw et al., 2013). Achieving this requires the use of
human-centered design principles (Baltrusch et al., 2022).
Human-centered design involves considering the needs of
end users during the design process (van der Bijl-Brouwer &
Dorst, 2017). Baltrusch et al., 2022 and Chu et al., 2023 ar-
gue that workers must be involved in the development of the
process for human-robot collaboration and that their input
should be valued. Several benefits of involving workers in
the design process are mentioned. First, the quality of work
would be improved. This is because a human-centered ap-
proach takes into account the needs and desires of workers.
Second, trust between workers and robots will be increased,
which is necessary to establish a cooperative relationship
(Baltrusch et al., 2022). Finally, it will improve the quality of
the design and prevent unnecessary problems during trials
or safety issues. This is because workers have direct expe-
rience with the technology and specific knowledge about its
practical use (Chu et al., 2023).
Furthermore, Baltrusch et al., 2022 propose five design
guidelines to sustain job quality when implementing au-
tonomous technologies in work environments. First, tech-
nologies must provide a clear improvement over the current
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work. Second, the technology should not be placed above
humans but should support and advise them. Third, the de-
sign and movements of the technology should not intimidate
people. Additionally, the technology must be predictable and
transparent in its actions towards the operator. Finally, the
technology must be adaptable to the specific preferences of
employees.

3.2.4 Existing frameworks of automation

In the literature, there are various frameworks available re-
garding levels of automation, but only a few focus on the
human element. Parasuraman et al., 2000 proposes a
human-centered automation framework. This framework
takes the four phases of human information processing as
a starting point (sensory processing, perception/working
memory, decision making, response selection). The paper
assumes that automation can be applied for each of the
four phases: information acquisition, information analysis,
decision and action selection, and action implementation.
Each form can have its own degree of automation, based
on a scale ranging from 1 to 10. The authors emphasize
that designing using the framework is an iterative process
in which both the consequences for human workers, which
are: mental workload, situational awareness, complacency,
skill degradation must be considered, as other factors like:
automation reliability and costs of decision.

Van Diggelen et al., 2024 builds on this framework presented
by Parasuraman et al., 2000 by highlighting five design pat-
terns of meaningful human control in military systems. (1)
The first pattern is ”real-time human control,” where the op-
erator has direct control over the robot and must be fully

aware of the environment, tasks, and robot behavior. Ex-
amples of this are remote control or standby for real-time
intervention. (2) The second pattern the author mentions is
”distributed real-time meaningful human control,” where mul-
tiple operators collaborate to control a robot. This occurs
when the situation is too complex for one operator to have
sufficient situational awareness. By combining their specific
knowledge, a collective awareness is achieved. (3) The third
pattern is ”prior meaningful human control.” Real-time con-
trol isn’t always feasible, especially when rapid response is
required or when too many robots need to be managed. In
such cases, humans can pre-program the robots, but this
is only effective if the robot’s environment is predictable. (4)
The fourth pattern the author mentions is ”goal-based mean-
ingful human control.” This occurs when the environment is
too unpredictable for prior control. In this case, the operator
simply provides the robot with a goal, and the robot deter-
mines its own actions. To do this, the operator needs antici-
patory awareness and a good understanding of the system.
(5) The fifth pattern the author mentions is ”human-machine
teaming.” This pattern combines aspects of real-time con-
trol and goal-based control. The human operator can simul-
taneously control multiple autonomous systems and dele-
gate tasks to robots. In this pattern, human operators col-
laborate with the robot as if the robot were a human team-
mate. This pattern requires the human operator to trust the
system. According to the author, employing more complex
patterns is not necessary in all situations. Van Diggelen et
al., 2024 says that high operational tempo, stealth missions,
poor communication capabilities, and systems with more el-
ements are reasons for implementing more complex design
patterns. The pattens in the framework are illustrated in Fig-
ure 9.
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Figure 9: Design patterns for meaningful human control with autonomous systems taken from (Van Diggelen et al., 2024)

3.2.5 Resistance to automation

Tijan et al., 2021 Identifies various success factors, drivers,
and barriers to digitalization in the maritime transport sec-
tor. It is noted that managers and employees’ resistance to
change, among other factors, can be a barrier to digitaliza-
tion.
As previously discussed, it is undeniable that automation will
change the work environment. A change of the work envi-

ronment in the form of automation can be particularly chal-
lenging, as employees may not see the benefit of it and may
fear losing their jobs (Goodwin-Sak et al., 2019). Besides
the fear of losing ones job, automation will have a disrup-
tive effect on existing social relationships and on established
habits of employees (Goodwin-Sak et al., 2019).
Changes in the work environment are timeless, and the phe-
nomenon of ‘resistance to change’ is a widely discussed
topic. Recardo Ronald J, 1995 describes 12 possible
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causes of resistance to change in organizations. These
can be divided into five subcategories: (1) The first reason
is that change can have negative consequences for employ-
ees, for example, because it seems to create more work
or because there is a chance that someone’s job will be
replaced. (2) The second reason is poor communication
from the organization. For instance, when change is poorly
introduced and expectations are not communicated to em-
ployees. (3) A third cause is when established habits or
social relationships are disrupted by the change. (4) The
fourth cause is when the organization is inconsistent: for
example, when bad behavior is not punished, good behav-
ior is not rewarded, or when change is expected, but no
resources are provided to employees. (5) Finally, past neg-
ative experiences can lead to resistance to change.

When employees resist change, this can manifest in various
ways. They may openly resist by sabotaging efforts, voicing
their concerns, or rallying others against the change. How-
ever, resistance to change can also occur in less clear ways.

For example, individuals may work less, withhold informa-
tion, request more studies, or form committees to slow down
the process (Recardo Ronald J, 1995).
Goodwin-Sak et al., 2019 identify factors that influence the
willingness to adopt automation in an organization for in-
dividuals. They concluded that perceived necessity is the
primary driver for an individual to be open to automation.
This relationship is weakened when the perceived risk, in the
form of job loss or more difficult work, is high and strength-
ened when the perceived benefit is high. Perceived benefit is
more likely to be experienced as high when individuals have
a lot of trust in the technology. In the visualization below,
these relationships are illustrated (Figure 10). The author
mentions executive sponsorship, early user engagement,
and good communication as ways to increase perceived
necessity. Early user engagement, gathering information
about user needs, and employee comprehension and sup-
port are methods to increase perceived benefit. Finally, early
user involvement and transparency are mentioned as ways
to reduce perceived risk.
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Figure 10: Resistance to automation framework taken from (Goodwin-Sak et al., 2019)

Parker and Grote, 2022 state that automation can have ei-
ther a positive or negative effect on autonomy, skill variety,
feedback, social interactions, and job demands. Gödöllei,
2022 goes into more detail about changes resulting from
automation within companies and states that the automa-
tizability of someone’s job can be perceived by an employee
as either positive or negative. Examples of a negative per-
ception, include thinking that automation makes your job re-
dundant, while examples of a positive perception include be-
lieving that automation enables you to work harder, smarter,
or more safely. According to the researchers, people are

more likely to have a positive perception when they experi-
ence greater control over their work and the changes.
Finally, Goodwin-Sak et al., 2019 emphasizes the impor-
tance of organizational culture. If the organization has a cul-
ture that embraces innovation, takes risks, and values learn-
ing, the likelihood of automation being embraced increases.
If this is not the case, the likelihood that employees will be
open to automation decreases.
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3.3 Search strategy
In this section the method for the scoping review is dis-
cussed. The analysis was done using the PRISMA-ScR
(Preferred Reporting Items for Systematic reviews and
Meta-Analyses extension for Scoping Reviews) checklist
(Tricco et al., 2018). This approach suits our research as
I aim to identify key factors in the specific field of human
work and autonomous shipping.
To answer the research questions, I searched for articles
in the Google Scholar database using the keywords ”Au-
tonomous ship*” AND ”Human work” OR ”Human roles,” re-
sulting in 93 search results in October 2024. Google Scholar
was chosen because other databases, such as Scopus,
provided very few and less relevant results (n=situational
awareness7) for these search terms. I then screened these
articles by title, focusing on those where human roles in au-
tonomous shipping were central to the research. Based on
this, I selected 44 articles. After reading the abstracts, I re-
moved 18 articles due to lack of full text or abstract avail-
ability or due to the topic being irrelevant, a different focus
than human work and autonomous shipping, or duplication.
Abstract review and article management were conducted in
Mendeley. The full text articles were read through and coded
inductively in Atlas.ti.
A visualisation of the process can be found in Figure 11

Figure 11: Search strategy
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3.4 Results

3.4.1 Definition of autonomous ships

The IMO (International Maritime Organization) defines
MASS (Maritime Autonomous Surface Ships) as vessels
equipped with AI that enable a certain degree of autonomy.
These ships, whether remotely controlled or partially to fully
autonomous, still require the expertise of experienced per-
sonnel to function effectively (Veitch et al., 2024). This in-
tegration of human involvement classifies MASS as a so-
ciotechnical system, which is defined as a system where
technological systems and humans interact so closely that
they either cannot or should not be separated (Law, 1987).

3.4.2 Benefits of autonomous ships

In the body of literature, multiple benefits for the develop-
ment and implementation of autonomous ships are men-
tioned. The main benefits are efficiency and safety.
Autonomous ships have the potential to be more efficient
than conventional vessels, as they are capable of navigat-
ing optimal routes (Kristensen & Børsen, 2024). This also
reduces fuel consumption, making shipping more sustain-
able and cost effective (Mackinnon et al., 2015)(Li & Yuen,
2024)(Veitch et al., 2024)(Saager, 2022).
A significant portion of accidents on the water occur due to
human error. With the introduction of autonomous ships, it
is expected that these errors can be avoided (Mackinnon et
al., 2015) (Saager, 2022).

3.4.3 Levels of automation and automation dimen-
sions in ships

Several articles mention specific levels of automation, with
the most frequently cited being those defined by the IMO,
which includes four levels: LoA 1, ”ships with automated

processes and decision support,” where automated systems
assist with operations but seafarers remain onboard to man-
age the ship. LoA 2, ”remotely controlled ships with seafar-
ers on board,” involves remote operation while a small crew
remains onboard for system management. LoA 3, ”remotely
controlled ships without seafarers on board,” has no crew
onboard, with operations managed entirely from a remote
control center. LoA 4 is ”fully autonomous ships,” where
the system can make operational decisions independently
of human input (Li & Yuen, 2024)(Tam et al., 2021). The lev-
els of automation that are proposed by the IMO are plotted
on the framework of (Shneiderman, 2020) by (Veitch & Al-
sos, 2022) in Figure 12. These levels are adaptive, meaning
that a single ship can adapt to different levels of automation,
depending on the context (Hynnekleiv & Lützhöft, 2022).

Figure 12: Levels of automation proposed by IMO plotted
on axis of human control and machine control. Taken from
(Veitch & Alsos, 2022)

While the technology to support high levels of automation
is largely available, the challenge lies in making it work ef-

33



fectively in real world environments. This is because au-
tonomous technologies are often fragile. They operate well
in specific situations but fail when unexpected situations
arise (Ramos & Mosleh, 2021). In real world environments
a lot of unexpected situations happen, because they are
made up of many different tasks an people, making them
to be complex and unstructured (Veitch & Alsos, 2022). This
means that in a real world environment like a port, an au-
tonomous ship is more likely to fail. In order to account
for this, a cooperative relationship between operators and
autonomous ships might be more beneficial than fully au-
tonomous ships (Hynnekleiv & Lützhöft, 2022)(Schroepfer
et al., 2024) (Tam et al., 2021).
Therefore, as higher levels of automation are reached, this
does not mean that people will be less involved. Instead, op-
erators and machines are expected to be working together
more (Veitch et al., 2024). This complicates the design and
implementation of autonomous ships, as we will need to look
at the integration of robots into diverse stakeholder networks
(Schroepfer et al., 2024). Ramos et al., 2021 Takes into ac-
count this complexity and states that there are three dimen-
sion of automation that interfere with each other. They note
that environmental complexity and cognitive effort must be
considered in relation to levels of automation (Figure 13) in
order to understand human tasks in autonomous environ-
ments. The specific role of the operator can vary depending
on factors such as the level of automation of the ship and
the complexity of the route (Veitch & Alsos, 2022)(Song et
al., 2024).

Figure 13: Dimensions of automation taken from (Ramos et
al., 2021)
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3.4.4 Future human roles

Whatever the context or LoA might be, autonomous ship-
ping is expected to change many jobs in the maritime indus-
try (Alamoush et al., 2024). Nearly all articles discuss the
shift from human work at sea to shore-based human work,
often mentioning shore control centers (SCC) (Li & Yuen,
2024)(Veitch et al., 2024)(Veitch & Alsos, 2022)(Mackinnon
et al., 2015)(Saager, 2022)(Ramos & Mosleh, 2021). Po-
rathe et al., 2014 Envisions a future in which a fleet of au-
tonomous vessels will be controlled by a human operator
from a SCC. In a case that the operator needs to intervene
with the vessels, this could be done in three ways. The
first method is indirect control. An example of this would
be updating the route due to weather changes. The sec-
ond method is direct control. This could be done by ordering
a vessel to go a specific route. The third method is called
situation handling. In this scenario the operator takes over
manual control of a vessel. (Saager, 2022) Proposes a re-
mote cooperation structure in which a remote operator and
a remote maritime captain work together from a SCC. Within
this structure, the remote operator monitors the situation in
which the autonomous ship is sailing. If the remote operator
assesses that the situation might become dangerous, they
can instruct the remote maritime captain to take over manual
control of the autonomous ship. This structure is visualized
in Figure 14.

Figure 14: Collaboration between human operators and an
autonomous ship. Taken from (Saager, 2022)

Veitch et al., 2024 Identifies three overarching categories of
operator roles in the literature on autonomous ships. These
categories are dependent on operational contexts and tech-
nological possibilities. All categories involve some degree
of human machine collaboration. The first role is an active
role, involving continuous monitoring and decision-making
by the operator. The second role is more of a backup
role, where the operator is not actively involved in all op-
erations but takes over the system in case of failure. As
autonomous systems grow, the operator’s role is expected
to shift to a managerial or supervisory role in which cooper-
ation will be important (Tam et al., 2021)(Mackinnon et al.,
2015). The third role mentioned is a passive role, where
the operator only observes the system. Remote operators
of autonomous ships should have sufficient knowledge on
maritime navigation and need to understand the technology
that is used (Jin, 2023).
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3.4.5 Effects of autonomous ships on operators

Many authors discuss the effects of autonomous ships
on operators (Veitch et al., 2022)(Hynnekleiv & Lützhöft,
2022)(Mackinnon et al., 2015)(Saager, 2022)(Alamoush et
al., 2024) (Tam et al., 2021). Some articles discuss more
indirect effects, like organisational trust and resentment
(Veitch et al., 2022) (Hynnekleiv & Lützhöft, 2022).
The most mentioned effect on operators is the need
for sufficient situational awareness (Mackinnon et al.,
2015)(Saager, 2022). Situational Awareness is used to
describe an operators understanding of their surround-
ings (Endsley, 2017). A lack of situational awareness is
a possible safety issue that could arise with overseeing
autonomous systems or remote control (Alamoush et al.,
2024). This lack of situational awareness also refers to a so
called ”information gap”. The information gap is the differ-
ence between the amount of information that is needed for
the operator to monitor the ship effectively and the amount
of information that is given to the operator (Saager, 2022). If
there is to little information, the operator is not able to have
sufficient situational awareness. However, if there is to much
information displayed, the operator could suffer from an in-
formation overload (Alamoush et al., 2024), which also leads
to a lack of situational awareness.
Another effect that is often mentioned is increased stress or
boredom. Veitch et al., 2024 conducts empirical research on
automated ferries in Norway and finds that operators feel like
they are in a backup role. This backup role involves oversee-
ing autonomous work and stepping in during stressful situ-
ations. The most stressful situations occur during manual
takeover, lack of situational awareness, or slow response
times from the vessel that is being controlled. There are
also high stress levels in hectic situations, for example when
entering and leaving ports (Tam et al., 2021). When high
stress events, like mentioned above occur, an operator may

not be able to take manual control in time to prevent an acci-
dent (Mackinnon et al., 2015). This effect will likely be even
stronger when skill degradation appears. Veitch and Alsos,
2022 Found that there was a high risk of the degradation
of skills with passive monitoring, which could have a nega-
tive effect on safety as the crew was expected to do manual
takeovers. In order to solve this, operators tried to do a man-
ual shift twice a day to avoid losing their skills. The other side
is increased boredom. Automation frees up time and atten-
tion of the operator, because it often results in less tasks. If
the time that is freed up can not be used for different tasks
that are at the skill level of the operator, it can cause the op-
erator to feel bored Veitch et al., 2024. An example of this
is given by Veitch et al., 2022, where operators expressed a
desire to sail the autonomous vessel into busier areas to get
more stimulation, but resented management for giving them
the additional task of selling food to passengers.
A factor that is often mentioned in the body of literature is
trust. Hynnekleiv and Lützhöft, 2022 Argue that trust is an
essential to the possible success or failure of the implemen-
tation of autonomous ships. A lack of trust could be a bar-
rier for reaching higher levels of automation in ships (Tam
et al., 2021). Hynnekleiv and Lützhöft, 2022 Describes two
categories of trust at interaction level: Operational trust and
trustworthiness. Operational trust is the trust that is needed
between an operator and autonomous ship to be able to
work together effectively. To achieve this, the operator needs
to understand how the autonomous ship works and the au-
tonomous ship needs to understand how the operator be-
haves. Trustworthiness is the extend in which the opera-
tor perceives the autonomous ship as reliable. This is de-
pendent on: previous experiences, level of understanding of
how it works, confidence in own skills, and personal values
and culture. If trustworthiness is not balanced well, there is
also a risk of over trust. This is when an operator has too
much trust in the system. If this is the case, there is a risk
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of complacency, which could cause accidents (Alamoush et
al., 2024).

3.4.6 Effects of autonomous ships on the broader
ecosystem

Effects of autonomous shipping can go beyond human ma-
chine interaction and different tasks. Veitch et al., 2022
Found that operators had grown to resent the developers
and managers implementing the new technologies, because
they experienced that their operational knowledge was not
being valued enough.
What also needs to be considered when implementing au-
tonomous shipping in a port environment is ripple effects
(Schroepfer et al., 2024). These are the effects arise, be-
cause autonomous ships do not operate in a vacuum and
have indirect consequences on many people in the ecosys-
tem. An example of this is a VTS operator having to com-
municate with an autonomous ship.
Saager, 2022 Discuss a possible future in which there is
a combination of manual controlled ships and autonomous
ships navigating in the port. They argue that vessel traffic
management will become even more complex in this sce-
nario. The same is stated by (Saager, 2022). In the port
vessel traffic management is mostly done by VTS. They pro-
vide information, navigation and traffic organisation services
to ships in the port (Barthelsson & Sagefjord, 2017). Relling
et al., 2022 use participatory design to find ways in which
VTS can contribute to a successful combination between
autonomous and manual vessels in ports. This resulted in
the following requirements: First, conventional traffic should
be standardised and automated vessels should have a pre-
defined route and the entire area needs to be fully covered
by radar. They also suggest to assign time slots for depar-
tures and to have stricter clearances for departure. These
clearances could have colours (like green or red) to indicate

traffic density to the remote operator (which is expected to
be on shore). When the autonomous ship has departed,they
should stick to a predetermined route and have a constant
speed, unless there is a conflict. In this case, the ship should
be able to come to a full stop. This will contribute to a role
shift for VTS operators from real time problem solving to
more tactical planning in advance.

3.4.7 Designing for human roles with autonomous
ships

Veitch et al., 2024 Used interviews with skippers and de-
signers of an autonomous ship to investigate how designers
can integrate human collaboration with systems in their pro-
cess. They found a mismatch between what designers as-
sumed was appropriate and the actual preferences of skip-
pers. This could be, because people on land do not fully
understand what occurs on the water, making it challeng-
ing to implement new technologies effectively (Kristensen &
Børsen, 2024). This is a problem because technology can
only truly succeed if it aligns well with the people that do the
work automation is trying to improve. By spending time with
these people it is possible to understand their perceptions of
their context and technology. Without this knowledge there
is a risk of focusing to much on the technological artifact in-
stead of the real world environment (Kristensen & Børsen,
2024). According to Kim and Schröder-Hinrichs, 2021 and
Schroepfer et al., 2024 A way to deal with this lack of knowl-
edge would be to look at why people throughout the entire
system think new technology is needed. Early user involve-
ment will also improve user acceptance (Schroepfer et al.,
2024).
To include users, multiple methods are mentioned. Stolt and
Joseph, 2023 use methods like future wheel workshops,
semi structured interviews and scenario validation to de-
sign a voyage planning system for unmanned ships. (Kris-
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tensen & Børsen, 2024) Use multi sided ethnography and
semi structured interviews to understand the macro envi-
ronment and system in which technology will be embedded.
Relling et al., 2022 Use combinations of participatory design
and system thinking to define the contribution of VTS to the
combinations of manual and autonomous traffic in the port.
Schroepfer et al., 2024 Use a combination of stakeholder
mapping, ethnographic research and user participation in
the design of robotic prototypes.
Despite the many possible methods, participatory design
is challenging to realize in practice (Kristensen & Børsen,
2024). Three barriers to participatory design were identified
in the maritime industry. The first barrier was the lack of
clarity regarding who the users were: In practice, often only
the customer or a very specific group was involved in the
project. The second barrier was that technological feasibil-
ity was frequently the starting point, resulting in a focus on
replacing operators rather than supporting them. The third
barrier was funding, as funds often prioritized hard techni-
cal innovations and overlooked user needs. To overcome
these barriers, Kristensen and Børsen, 2024 recommends
involving users early in the design process, reorienting inno-
vation to support users rather than replace them, and adjust-
ing funding structures to promote greater user involvement.
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3.5 Conclusion
The goal of this study was to understand what autonomous
environments are, how they affect human work, and what
methods already exist for designing for automation. I also
wanted to understand the potential factors that could hinder
its implementation, specifically in autonomous shipping en-
vironments. Furthermore, a scoping review was conducted
to gain insight into existing knowledge on human roles and
autonomous ships. A summary of the findings can be found
in table 1.
From this research can be concluded that during the design
process of autonomous technologies, the designer must be
aware of the impact on their designs on workers and the
broader context.
It is also important to move from automating as much as
possible to a more critical on if automation would be desir-
able in the context, as automation does not simply substi-
tutes human work, but changes the work.
There exist some frameworks and design patterns in which
the human takes a central role.
When automation is adapted to a real world context, there
are several factors that influence whether or not people ac-
cept the new technology. These factors are the perceived
necessity, perceived risk and perceived benefits of the tech-
nology.
From the scoping review on literature related to human roles
and autonomous ships can the following be concluded: First,
multiple articles mention increased efficiency, and increased
safety as the main benefits of autonomous ships, which

each lead to multiple sub-benefits, like decreased costs and
increased sustainability.
Within the body of literature, the four levels of autonomous
ships proposed by the IMO are often mentioned, ranging
from ships with autonomous functions to fully autonomous
ships. However, the desired level of automation is depen-
dent on the context of use and the level of automation is ex-
pected to be adaptive. For complex and unpredictable envi-
ronments like ports, a cooperative relationship between hu-
mans and ships with autonomous functions is desired over
fully autonomous ships.
As autonomous ships become more widely implemented,
the literature expects a shift from offshore to onshore work in
which autonomous ships will be remote controlled or moni-
tored from shore control centers. In this transition, operators
work is expected to shift from an active role to a backup
role. In this shift it is important to take some direct factors
into account, like situational awareness, engagement and
trust that need to be taken into account. If these factors are
not managed well, undesirable effects like, job dissatisfac-
tion and dangerous situations could arise. Besides direct
factors, autonomous shipping also leads to ripple effects on
its environment.
Multiple methods, like human-centered design and partici-
patory design are mentioned to integrate human operators
in the design process. To realize these methods effectively
it is important to involve users early in the design process,
reorient innovation to support users and to take into account
ripple effects.
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Category Insights
Balancing automation and
human work • Automation changes the nature of work rather than simply substituting it.

• There is to much focus on technological factors.

• There’s often a disconnect between designers and workers, resulting in technologies that are not
serving workers needs.

• Workers should be actively involved in the design process of autonomous systems. This improves
work quality, increases trust in the technology, and helps prevent implementation issues.

Existing design ap-
proaches for automation • There are frameworks that place humans at the center, such as the human-centered automation

framework and design patterns for meaningful human control.

Automation acceptance
• Acceptance of automation is influenced by the perceived necessity, risks, and benefits of the technol-

ogy.

General insights on au-
tonomous ships • Efficiency and safety are often mentioned as key benefits of autonomous ships, leading to lower costs

and increased sustainability.

• The IMO defines four levels of automation. The desired level depends on context. In complex environ-
ments such as ports, collaboration between humans and autonomous systems is preferred.

Human work and au-
tonomous ships • Work is expected to shift from offshore to onshore, with roles moving from active operation to remote

monitoring or backup support from control centers.

• Key factors are situational awareness, engagement, and trust. If these are not properly addressed,
dissatisfaction and unsafe situations may occur.

Design recommenda-
tions for implementing
autonomous ships

• Apply human-centered and participatory design methods.

• Involve users early in the process.

• Support human roles instead of replacing them.

• Consider both direct and indirect effects of automation.

Table 1: Key themes and insights related to automation and human work 



3.6 Next steps
Previous research shows ”automation pitfalls” that can re-
sult in harmful outcomes, including reduced job satisfaction.
These pitfalls are: The false idea that automation substi-
tutes human work, an overemphasis on technology, and a
disconnect between designers and workers. To avoid the
pitfalls mentioned above, workers should be included early
on, collaboration with workers should be prioritised over the

substitution of workers and the impact of the technology on
the broader context and social relations need to be consid-
ered. In order to get more insight into the broader context
of automation, systems thinking methods could be applied.
Human-centered design methods, like observations and in-
terviews could be used to gain more insight into workers
needs. In the next chapter, a suggested approach to proac-
tively avoid the pitfalls of automation will be presented.
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4 Project approach
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4.1 Introduction
Previous research indicates that in automation projects,
the interests of employees and the impact on the broader
ecosystem need to be considered. Given the lack of a con-
crete approach on how to transform human work, this project
will take a structured approach using human-centered and
system thinking methods.
To prevent the common pitfalls of automation, this research
will use human-centered design to ensure that workers’ per-
spectives shape the technology from the start. This should
avoid the misconception that automation simply replaces hu-

man work and close the worker-designer gap. Additionally,
methods from system thinking will be applied to map the
broader ecosystem and information flows, ensuring that au-
tomation integrates into the broader context and work struc-
tures.
Combining these methods at the early stages of an automa-
tion project should result in a more human-centered transi-
tion to a more automated workspace.
In this chapter, I will dive deeper into the approach of this
project and the steps it entails. An overview of this step-by-
step plan is shown in Figure 15.

Figure 15: Steps in project approach
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First, I will map the actors in the ecosystem and study how
information is exchanged. Next, I will conduct contextual re-
search to fully understand the broadness of human work.
Following this, I will design fictional scenarios and use them
in interviews to gain insights into workers’ expectations of an
USV within their work environment.
Finally, using the value proposition canvas, I will determine
how an USV can create value for workers. Based on this
research, I will design a scenario and provide recommenda-
tions on the steps needed to make this scenario operational.
These recommendations will incorporate insights from the
contextual research and interviews. It is important that after
each step, the results are validated.
By following this structured approach, this research will con-
tribute to developing a concrete approach for a more human-
centered transition to an automated workplace.

4.2 Identify workers in the current process
The first step involves identifying the key actors in the current
process. The goal is to map out individuals who play a cen-
tral role in the process being automated. These individuals
will likely experience direct consequences from automation
in their daily work and may need to collaborate closely with
the new technology.
While a primary end-user often comes to mind first, it is cru-
cial to also identify individuals who play a more indirect role
in the process but may not be immediately obvious, such as
those who support the process behind the scenes. These in-
dividuals will also be affected by the transition and possess
valuable, experience-based knowledge about the context in
which automation will be introduced.
This can be achieved by mapping the system. For example,
a stakeholder map can be created to visualize all the peo-
ple involved in the current process. Next, connections be-
tween stakeholders can be drawn using arrows to indicate

how information flows between them, forming an social net-
work map (Haythornthwaite, 1996). This visualization helps
clarify how the process is embedded within a larger network
and enables the early identification of potential (social) rip-
ple effects of automation. By analyzing social networks, it
becomes possible to determine which actors are key to the
process.

4.3 Understand the broadness of their work
After identifying key actors, it is important to immerse in their
work and experience the context firsthand. The aim of this
step is to develop a deep understanding of the full broad-
ness actors’ work within the given context. This could be
achieved by shadowing these individuals for a day and mak-
ing detailed observations. These observations can be doc-
umented by creating a journey map of their workday.

4.4 Understand workers expectations of au-
tomation

The objective of this step is to define initial requirements for
an USV and gain insight into how key actors anticipate that
autonomous technology will impact their work.
This can be achieved through individual interviews. To en-
able a realistic discussion on automation within the spe-
cific context, speculative design scenarios based on cur-
rent trends and technologies should be created. These sce-
narios help maintain a focus on human-machine collabora-
tion, which is inevitable in complex and unstructured envi-
ronments such as ports. Preparing speculative future sce-
narios in advance facilitates discussion by providing visual
reference points, allowing participants to express their ex-
pectations, concerns, and needs regarding automation more
easily (Zhu et al., 2024).
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4.5 Explore worker-technology fit
The goal of this step is to identify how automation can create
value for workers. To achieve this, the value proposition can-
vas can be used for each key actor (Strategyzer, 2025). This
framework consists of a user side and a product side. On the
user side, it is important to document the tasks they perform,
the challenges they face in their work, and their goals. On
the product side, the proposed solution should be described,
along with how it addresses these challenges through pain
relievers and how it enhances their work through gain cre-
ators. The aim is to align these elements as closely as pos-
sible with the needs and concerns of each key actor. Ad-
ditionally, this step includes visualizing how an USV could

potentially diminish value for certain actors and identifying
strategies to mitigate these negative effects.

4.6 Next steps
In the remainder of the report, these steps will be applied to
the case of hydrographic surveying in the port to assess the
practical feasibility of the approach. To demonstrate a tan-
gible outcome, a potential future scenario will be proposed
based on insights from the value proposition canvas and de-
sign requirements. Alongside this, a high-level pilot roadmap
will be provided to support the implementation of the pro-
posed scenario.
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5.1 Introduction
In this chapter, step one and step two from the guidelines
that were presented in the project approach will be applied
to the case study in the Port. First, a social network map will
be created, after this context research will be conducted.
Within the current context of the case study it is still unclear
whom are involved in the broader context of hydrographic
surveying. The goals of this study are to gain a deep under-
standing of the current operations and the broader system in
which new technology will be embedded. Having a deep un-
derstanding of these processes will enable me to gain empa-
thy as a designer, which is important to understand operator
needs (Meyer et al., 2016).
To achieve this, a social network map will be created. From
this map, the most important actors will be identified and a
context study will be conducted with these actors.

5.2 Method and data collection
To fully understand the current hydrographic survey opera-
tions, I am interested in gaining insights from various groups
involved in hydrographic surveying. Therefore, it was neces-
sary to understand the broader ecosystem in which hydro-
graphic survey work takes place. Multi-site ethnography is a
suited method for this, because it makes it possible to under-
stand how different groups of people are related to a specific
phenomenon(Marcus, 1995)(Hannerz, 2003). Before con-
ducting the research, a document analysis was done to gain
a deeper understanding on hydrographic surveying. The
findings from this can be found in Appendix B. Based on in-
formal conversations with port employees, I set up an initial
stakeholder map (Appendix A) and concluded that VTS op-
erators, skippers and hydrographic surveyors would be key
perspectives to include. Based on this I visited a VTS center
and two survey ships. For each visit, I informed the oper-

ators about my research and that I was part of the innova-
tion department as an intern and did my research for the
Delft University of Technology. I asked them permission to
take notes (physical notes with timestamps) and photos and
videos and ensured that the data would be anonymised and
that participation is completely voluntary. My first visit was
at a VTS center. I first had informal conversations and got
a brief tour of the office. When I started observations with
a VTS operator. I told them to acts as if I was not present.
Occasionally, I had chats with them during the process or
asked him to explain some actions he was performing on
the screen. I ended up spending 6 hours at the VTS of-
fice. The observations with the skipper and hydrographic
surveyor took place on a different day. First I joined a ship
that was going to do inspections of port assets. I stayed on
this ship for 3 hours in which I observed the skipper and the
inspectors work. After that, I was invited to join the hydro-
graphic survey ship. The ship was operated by a skipper and
a surveyor. I stayed on this ship for 3 hours and did observa-
tions and informal chats. I explained that I planned to make
an journey map from my observations and that I wanted to
validate my findings with them.
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5.3 Data analysis
After the site visits, I digitalized the notes and data in a
spreadsheet for further analysis. From this raw data, insights
were written down on notes in Miro. After all insights were
written down, they have been clustered to create themes.
This process is shown in Figure 16.

Figure 16: High level overview of the data analysis

The data gathered during the site visits was also used to cre-
ate journey maps. Journey maps are a tool to understand
the total user experience. The journey map was made ac-
cording to the guidelines presented by (y Michael G. Luchs,

2015). y Michael G. Luchs, 2015 Divide the journey map-
ping process in three stages. The first stage is about de-
veloping a deep understanding of your users. The second
step is to create a visual map of the current user experience.
This map also consists information flows between different
users. The next step is to identify pain points in the current
situation based on the journey map. These pain points were
identified through observations and non verbal gestures like
signs.
To validate if my findings reflected the experience of users,
I have shown the journey maps and findings to participants
for feedback. This feedback has been used to improve the
result section.

5.4 Results
In this section, the results of the context research are pre-
sented. An social network map was made of the ecosystem
of hydrographic survey work. After that, I will provide more
in depth insights and journey maps for the tasks of skippers,
surveyors and VTS-operators.

5.4.1 The broader ecosystem of surveying

Based on the findings from the observations, an ecosys-
tem social network map of the current hydrographic oper-
ations was created. This map gives an overview of the
broader ecosystem of hydrographic survey work which will
allow for a better understanding of how each role is inter-
connected (Haythornthwaite, 1996). In this information flow,
a distinction is made between parties on land and on water,
as shown in the Figure 17.
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Figure 17: Information flow of hydrographic survey operations

Many port employees from different positions make effective
surveying and safe navigation in the port possible. When
part of the work would become automated, this will have an
effect on the broader ecosystem. It is therefore important
to not just consider the hydrographic surveyors working on
the survey vessel, but also operators from the vessel traffic
control center. Their work will also change as a result of au-
tonomous shipping and their needs need to be considered
as much as surveyors.

During the survey operations, meaning the ship is taking
measurements on the water and sailing to new locations,
the connections between the surveyor and the skipper are
strong and consist of direct speech and communication
through the survey program. The skipper is in contact with
the VTS operator through VHF during special manoeuvres
and when there is high traffic density. The VTS operator is
able to see the survey ship on his radar as well. The VTS
operator is in the same way in contact with other skippers
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in the sector and the skipper of the survey vessel overhears
these communications through VHF. The skipper is also vi-
sually looking out for other vessels during the operations by
either looking directly out of the window for approaching ves-
sels or through looking at the radar systems.

5.4.2 VTS operator

A VTS (Vessel Traffic Service) operator oversees all ves-
sel traffic within the port area from the traffic control cen-
ter. They do this by communicating via the radio. The VTS
operator can monitor ships in their sector through camera
footage, RADAR technology, and AIS systems. Based on
the vessels’ positions, speeds, and stated destinations, the
operator assesses whether these vessels might come into
potential conflict with each other. The VTS operator then
uses the radio to provide relevant traffic information to the
ships. This communication is done verbally and can be in
Dutch or English. All vessels in the sector can hear the con-
versation between the VTS operator and any ship. It’s im-
portant to note that the VTS operator has an advisory role
and does not issue commands to the vessels. The skipper is
ultimately responsible for the ship and knows it best to make
the right decision based on the provided information.
The port area is divided into different sectors, and each sec-
tor is managed by a VTS operator. After an hour in a sector,
operators switch to another sector. The schedule also in-
cludes morning, afternoon, and evening shifts.
During a shift, a VTS operator is constantly in contact with
vessel skippers based on the information displayed on the
screen. A picture of these screens was taken during the
observations is shown in Figure 18.

Figure 18: Overview of VTS workspace

The screen shows a map of the sector with radar images
(orange spots) and AIS information (names of the vessels).
When you click on a vessel with an automatic identification
system (AIS), it’s possible to see the vessel’s speed and des-
tination. If a vessel is communicating via VHF, a red circle
lights up around the vessel on the map. The participants
explained that it is important that there is not too much infor-
mation on the screen, as it can become cluttered and hard
keep oversight. Some vessels may not have AIS and only
appear as orange dots on the map. Due to the high volume
of vessel traffic, a radar disturbance, or an AIS signal issue,
the VTS operator may sometimes lose track of vessels. To
maintain clarity, large vessels are marked in green on the
screen, and vessels performing maintenance, such as sur-
vey vessels, are marked in blue during maintenance.
Additionally, the VTS operator can use external sites, such
as VesselFinder (VesselFinder, n.d.) or a live stream of the
sector, to view vessels in case of an AIS or radar signal
disruption. Furthermore, the information about a vessel’s
destination is often outdated or incomplete, as vessels fre-
quently change destinations. For example, during observa-
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tions, a vessel called to inform the VTS operator that it had
changed its destination because it needed to drop someone
off. Knowing a vessel’s destination is crucial for assessing
potential collisions and future traffic situations. Therefore,
VTS operators most frequently ask about destinations. The
following quote illustrates this:
”For us, the most frequently asked question is: ”Sir, what is
your destination?”
The VTS operator remembers the destination or writes it
down with pen and paper to keep track. These notes are
also used during the handover between sectors. Addition-
ally, observations showed that a ship’s speed is important.
To obtain this information, the operator constantly clicks on
ships on the screen to view their speed, name, and desti-
nation. The VTS operator must convert the information they
see on the screen into verbal information that is crucial for
skippers to navigate through traffic. This is illustrated by the
following quote:
“I have to put everything I see happening on the screen into
words.”
It is also important that the skipper receives the right amount
of information, not too much. This is something that comes
with more experience.
“Sometimes you have to put yourself in the skippers shoes.
The more experience you have, the less information you pro-
vide.”
In addition to converting visual information from the screen
into useful information for a skipper, there are also skipper-
specific challenges the VTS operator must deal with. For
instance, there may be a language barrier if the skipper is
not proficient in English or Dutch, which can lead to misun-
derstandings. This is illustrated in the following quote:
“Sometimes, you’ve told a story in Dutch, and then there’s
one German who hasn’t heard it.”

Skippers may also hesitate to admit they haven’t fully under-
stood an instruction, to avoid losing face with other Skippers
in the sector who are listening on VHF. Further, a skipper
may not respond to calls on VHF at all, or may disregard
advice, preferring to follow their own plan.
Additionally, skippers may not be up to date on the current
traffic situation or may provide incomplete information to the
VTS operator (for example, not mentioning their destination).
As a result, the VTS operator must constantly check that
information has been understood correctly and ensure that
everyone is up to date with the current plan. This is done by
paying close attention to the nuances and manner in which
someone responds to the information, as shown in the quote
below:
“We want to know that someone has understood it; you only
get that confirmation by hearing someone’s voice. Some-
times, you can tell from someone’s voice that they didn’t un-
derstand what you meant.”
The work of VTS operators requires experience and knowl-
edge of location-specific factors such as weather conditions,
water flow, and traffic patterns. This is demonstrated by the
following quotes spoken by VTS operators during the visit to
a VTS center:
“The external factors like wind, weather and water flow make
it difficult. “I am used to the patterns and can better antici-
pate where ships are about to go; the anticipating and plan-
ning ahead makes it difficult.”
In addition to guiding traffic, a VTS operator also handles
tasks related to providing extra information. An example ob-
served during the observations is giving information about
currents to skippers or warning ships to be cautious around
tugboats.
User journey Based on the observations, a user journey of
a VTS operators shift is made. This user journey can be
seen in Figure 5.
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From the journey map, it can be observed that the handover
between sectors occurs verbally between colleagues, with
written destinations of ships passed along. The handover is
quick and takes less than three minutes. During the shift, the
VTS operator is in constant contact with ships in the sector
and occasionally with colleagues to share cross-sector in-
formation or report abnormalities. Notably, the operator is
constantly clicking on ships on the map to view their desti-
nations and speeds. Based on this information, the operator
predicts whether ships might potentially come into conflict.
The VTS operator uses pen and paper to note down ships
and their destinations.
The emotion row represents interpretations of the opera-
tor’s emotions based on observations. Negative emotions
appeared to arise in the following situations:

• When a ship had incorrect information that needed
correction

• When the operator lost track of ships on the screen
and had to search for them

• When the operator forgot a ship’s destination and had
to ask again

• When there was confusion about why a ship was
marked blue in the system

• When ships did not respond

• During hectic situations in the sector

• When a ship misunderstood the operator

The blue bar represents the information flow between VTS
operators and ships. It shows that the VTS operator is
constantly in contact with ships but also consults with col-
leagues.

Pain points for the VTS operator seem to happen when they
lose control over the situation, this happens when ships are
lost out of sight, or when skippers do not follow instructions.

5.4.3 Skipper

The skipper steers the survey vessel. Along with the skipper,
the surveyor is also present on the survey vessel. The skip-
per navigates based on the instructions and planning pro-
vided by the surveyor, who has an overview of what needs
to be measured that day. To navigate, the skipper uses digi-
tal nautical charts and radar which is shown in Figure 19.

Figure 19: Overview of Skipper workspace

The port map shows different sections that need to be
coloured in during the survey work. It is also possible that
the surveyor, while calibrating equipment, draws a line for
the skipper to follow. The skipper sees this line on their
screen, along with the ship’s position. The skippers describe
steering the vessel as colouring in a colouring book or play-
ing a computer game. This is illustrated by the following
quote:
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”It’s just like a computer game where you have to colour in,
but it’s reality and there are ships coming toward you.”
The skipper must ensure that there is a 10 percent over-
lap with the previous route during the survey. Therefore,
the navigation path cannot deviate, and the ship must follow
the exact route. A skipper compares this to being channel-
bound, as seen in the following quote:
”Some ships are channel-bound (cannot deviate from their
route due to draft restrictions), I’m actually channel-bound
too, but then to my map.”
When there is strong current, the skipper steers the ship at
an angle to maintain a straight path. Since the route must
be followed as precisely as possible, the ship cannot remain
stationary, as it may drift off course. The skipper knows the
environment and ship well enough to decide on a proper sur-
vey route. Deviating from the route could result in the ship
needing to turn around and retrace the line a second time.
What makes surveying complicated is the other ship traffic in
the port, which has priority over survey vessels. Since sur-
vey vessels must cover the surface of an entire area, they
often have to sail against the traffic. This is illustrated by the
following quote:
”Here (while surveying) you sail on differing courses, you’re
actually always in everyone’s way.”
A collision with another ship could suddenly interrupt a mea-
surement. Afterward, the survey must wait until the mea-

surement can be taken again once the water has settled,
because propeller wash interferes with measurements, as
stated in the following quote:
”Sometimes you have to wait until it’s calm enough to sur-
vey.”
This makes skippers extra alert to approaching vessels. A
measurement is often only started when it seems calm.
Skippers sometimes say they don’t mind the traffic, but at
times find it intense, as expressed in the following quote:
”Surveying work is very intense with ships around you. Es-
pecially at a busy intersection.”
Traffic density seems to depend on specific areas, like the
Botlek or other places where many waterways cross, which
can become very crowded with ships. Furthermore, during
their work, skippers may encounter misunderstandings from
the VTS operator, as shown in the following quote:
”The VTS operators sometimes don’t understand why you
don’t move aside and can get angry.”
Another skipper mentions that lately, the VTS has been
more considerate of survey vessels.

User journey Based on the observations, a user journey
of a skippers shift is made. This user journey can be seen
in Figure 5.
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From the user journey can be seen that the skipper is highly
attentive to passing maritime traffic and determines when
the situation is suitable to start a measurement (11:11). The
skipper can also decide to abort a measurement based on
incoming maritime traffic (11:27). When a ship passes, the
skipper must wait until the water is calm again and there
is no incoming traffic. During the observations, this wait-
ing period totalled 11 minutes (occurring between 11:27 and
11:38). During this time, the skipper maintained contact with
the VTS operator and reported their destinations. Addition-
ally, the skipper has knowledge of the quality of the mea-
surements and can recognize when a measurement does
not meet the required standards. This is evident when the
skipper offered to redo a section because the line had been
followed inaccurately (11:13). This was communicated ver-
bally to the surveyor by the skipper. After a measurement is
completed, the vessel must remain at the location until the
surveyor has checked the data. If there is an issue with the
data, the measurement would need to be redone. During
calibration, the skipper docked the vessel at 11:42. An issue
occurred during the data import (handled by the surveyor)
and calibration, resulting in the vessel being docked for a
total of one hour. The vessel departed for the next measure-
ment destination at 12:45. After performing the measure-
ment (to calibrate the depth), the skipper stopped the vessel
to allow the surveyor to load the data. This occurred be-
tween 13:36 and 13:46. Once the surveyor communicated
that the measurement was successful, the skipper navigated
the vessel back to the quay. The emotions row represents
an interpretation of the emotions the skipper appeared to ex-
perience during the observations. Signs of frustration were
observed when a measurement had to be aborted due to an
incoming inland vessel. The blue row represents the com-
munication between the skipper and the surveyor. During
the measurements, the skipper and surveyor closely collab-
orated. The surveyor communicated about the measure-

ments, while the skipper focused on the external environ-
ment and precisely manoeuvring the vessel.

5.4.4 Surveyor

The surveyor performs the measurements using a laser,
single beam, or multibeam. For this, he is present on the
vessel and has a desk with several computers on the ship.
The surveyor is responsible for all measurement activities
and validation of the measurement data and strives to ex-
ecute them as accurately as possible, as illustrated by the
following quote: ”I do everything as thoroughly and accu-
rately as possible.” To achieve this, he works closely with
the skipper, who navigates the vessel during the measure-
ments. During the measurement, the results appear live
on the screen. For a normal multibeam measurement, two
maps are used that can be overlayed on top of each other.
One map shows the current measurement, and the other
shows the previous measurements. This allows for quick
comparison of the differences between the two measure-
ments. Surveying is delicate work, and various factors, such
as water temperature and density, influence the variation in
speed of sound, and thus also the measurement results.
For example, a difference in water temperature disturbs the
measurement because a different sound profile needs to be
used for cold water compared to warm water. The settings
also need to be adjusted depending on whether the mea-
surement is in fresh or saltwater (due to different densities),
and areas with heavy silt cannot be measured. All these fac-
tors are situation- and area-specific and require knowledge
and experience to manage.

User journey Based on the observations, a user journey
of a surveyors shift is made. This user journey can be seen
in Figure 5.
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From the journey map, it is evident that the surveyor is fo-
cused on measurement data and setting up the equipment
for a measurement. During calibration, the surveyor also
drew a black line on the screen, which the skipper could
follow via their own screen. While calibrating, the surveyor
monitored the live measurement results on the screen. Af-
ter the measurement was completed, the surveyor began
processing the data. For calibration, this included transfer-
ring the data to another computer, which was done using an
external hard drive. Upon opening the data, the surveyor re-
marked, ”Always risky.” It turned out there was an issue with
the data that needed to be resolved in the software.
The entire process of transferring and calibrating the data
took place while the vessel was docked, between 11:38 and
12:42. Following this, the vessel proceeded to the next mea-
surement location. During transit, the surveyor created a
sound profile of the water and reviewed the data. During the
measurement, the surveyor once again monitored the live
data on the screen. Afterward, the surveyor reviewed the
data and made a note of it in the physical logbook. This
logbook is maintained to avoid unnecessary repeat mea-
surements of locations. Finally, the surveyor attempted to
upload the data to Sharepoint, but this was challenging as
Sharepoint was unresponsive.
The emotion row reflects the interpretation of emotions the
surveyor appeared to experience during the process. Neg-
ative emotions seemed to occur when data was incorrect or
when encountering software issues, such as at 14:14, when

Sharepoint was not functioning.
The dark blue bar represents the communication between
the surveyor and other stakeholders. The surveyor commu-
nicated with the skipper but was not involved with other traf-
fic or the VTS operator. That responsibility seemed to rest
entirely with the skipper.

5.5 Conclusion
The goal of this study was to gain a deep understanding
of the current operations and the broader system in which
new technology will be embedded. In order to gain these
insights, observations were conducted with multiple stake-
holders (surveyors, skippers and VTS operators) that are in-
volved with hydrographic survey operations in the port.
Based on these observations, social network map of the
broader ecosystem in which hydrographic survey operations
take place was created. In this ecosystem, the skipper
and surveyor have verbal communication with each other
and communication through the interface of the survey soft-
ware. The skipper sees other ships on the radar, naviga-
tional maps and through visual sight. He also hears other
skippers talk through VHF channel, but does not communi-
cate directly with the other ships. Communication about in-
coming traffic, destinations and special manoeuvres is done
through the VTS operator of the sector.
An overview of the findings from the observations can be
found in table 2
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Role General description of role Pain points Quotes
VTS Operator Monitors and manages vessel traffic

from the control center using AIS, radar,
cameras, and live communication via
VHF. Provides real-time, traffic informa-
tion to skippers based on ship positions,
speed, and destination. Tracks vessel
info manually and digitally, rotates be-
tween sectors every hour, and commu-
nicates cross-sector with colleagues.

• Loss of vessel tracking due to
radar or AIS issues

• Skippers not responding, ignor-
ing advice, or providing incom-
plete information

• Overload of information on
screens

• Language barriers with interna-
tional skippers

• Miscommunication or lack of con-
firmation of understanding

• High workload in hectic traffic sit-
uations

• Forgetting the destinations of
ships

• “I have to put everything I see
happening on the screen into
words.”

• “You can tell from someone’s
voice that they didn’t understand
what you meant.”

• “I am used to the patterns and
can better anticipate where ships
are about to go; the anticipating
and planning ahead makes it dif-
ficult.”

Skipper Navigates the survey vessel using radar
and digital charts. Follows precise
routes planned by the surveyor, ensur-
ing overlap and data quality. Constantly
adjusts for water flow and nearby traffic.
Decides when to start or pause mea-
surement depending on traffic. Com-
municates with VTS and surveyor.

• High traffic intensity and sailing
against traffic

• Survey work interruption due to
passing ships or propeller wash

• Frustration when misunderstood
by VTS operators

• Waiting times to resume survey-
ing

• “It’s just like a computer game
where you have to colour in, but
it’s reality and there are ships
coming toward you.”

• “Sometimes you have to wait until
it’s calm enough to survey.”

• ”Surveying work is very intense
with ships around you. Especially
at a busy intersection.”

• ”Here (while surveying) you sail
on differing courses, you’re actu-
ally always in everyone’s way.”

Surveyor Conducts and validates measurements
on board using multibeam, single
beam, or laser equipment. Sets up cal-
ibration, configures software based on
temperature, salinity, and silt. Monitors
and compares live data to previous sur-
veys. Responsible for post-processing
and uploading data. Closely collabo-
rates with the skipper.

• “I do everything as thoroughly
and accurately as possible.”

• “Always risky.” (about data trans-
fer)

Table 2: Overview of insights

• Measurement errors due to 
envi-ronmental conditions

• Technical/calibration issues

• Frustration with software 
prob-lems or failed data uploads

• Sharepoint unresponsiveness 



VTS operators are constantly anticipating on situations in
which ships could come into conflict. In order to be able
to predict the situation properly, the VTS operator needs to
have reliable information on the destination of each ship and
the confirmation from skippers that they have understood his
instructions. The VTS operator is in contact with the skipper
through VHF. Survey vessels are also marked as blue to not
lose them out of sight.
The skipper of the survey vessel is responsible for naviga-
tion and complete coverage of the area that is to be sur-
veyed. Because survey ships sail against the usual flow of
traffic, it is important to stay alert for upcoming ships. If a
ship is approaching, the survey work must be broken of and
continued when the water is calm again.
The skipper is working closely together with the surveyor,
which is present at the same ship. The surveyor is respon-
sible for the quality of the measurements and decides what
parts of the port are measured when during the week, ac-
cording to the ship planning. The surveyor is also responsi-
ble for uploading the measurements to Sharepoint.

5.6 Limitations
It should be noted that due to time constraints, not every
stakeholder in the ecosystem, like managers and data an-

alysts could be observed. Therefore the focus was on the
three most prevalent stakeholders in the system: the VTS
operator, skipper and surveyor.
What should also be taken into account is that only one shift
of each stakeholder was observed, which leads to a single
point view of their work. For example, observations with the
surveyor and skipper were held when they were calibrating
the multibeam, which is a specific task that is only done once
every three months. Besides depth measurements, there
are many other types of work, like silt measurements that
are carried out by the surveyor. This should be taken into
account when using the journey maps for further research.

5.7 Next steps
After this research, I have gained insight into the key ac-
tors involved in hydrographic survey operations in the port,
namely VTS operators, surveyors, and skippers. I have also
developed a broader understanding of their work. However,
I also want to explore their attitudes and expectations re-
garding the implementation of an autonomous drone in their
context. In the next chapter, I will investigate this through
interviews.
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6 Understand workers
expectations of
automation
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6.1 Introduction
Even though, many examples of the implementation of au-
tonomous ships are given (Porathe et al., 2014)(Veitch et al.,
2024)(Veitch et al., 2022), the challenges of automation are
often context-dependent (Ramos et al., 2021). Currently, lit-
tle is known about the experiences of multiple stakeholder
groups in the port and their ideas on autonomous ships pos-
sibly being introduced into their work environment in the fu-
ture.
The goal of this thesis is to create concrete guidelines for the
design of a new ecosystem of human roles with autonomous
USVs based on the views of workers in the port. These
workers have context-specific knowledge and deep knowl-
edge about the broadness and challenges of their work. By
building the guidelines from the experiences and expecta-
tions of workers, human preferences, instead of technologi-
cal possibilities, are put at the center of the design process.
Therefore, the question I aim to answer for this interview
study is:
What are the attitudes and experiences of skippers, survey-
ors and VTS operators working in the Port of Rotterdam re-
garding USVs?

6.2 Participants
A total of nine participants were interviewed for this study
over the duration of three weeks in January 2025. Each
participant belonged to one of the three stakeholder groups
that are at the core of the hydrographic survey operations:
Skippers, surveyors and VTS-operators. Participants were
chosen from these groups, because they have a lot of expe-
rience working in a port context and their work is most likely
to be affected after the implementation of an USV.
Before the interview study, a context study was conducted,
which can be found in chapter 5. During the context study I

was able to informally meet with surveyors and skippers and
to ask if they would be willing to share their contact details
to participate in an interview study later on. To these par-
ticipants, an invitation was sent by email for this research.
The invitation explained the purpose of the interview and
the duration of the interview. Through the use of snowball
sampling, other participants were found to participate in the
study. Due to the limited pool of participants, one substitute
employee and one former employee were recruited for the
interview. It was made sure that they had recently been em-
ployed to conduct survey operations in the port. Skippers
and surveyors belong to the hydrography department. This
is a small department part of the overarching Asset Manage-
ment department. Due to the small size of the department,
there were only a few skippers and surveyors available to
interview. During the interview. In total, two skippers and
three surveyors were interviewed. The VTS operators be-
long to the harbour master division. This group of possible
participants was much larger. In total, four VTS operators
were interviewed. Due to the small pool of participants, as
little information as possible about the participants has been
disclosed. An overview of the participants is shown in table
3.

Participant Role Duration of interview in minutes
P1 VTS operator 64
P2 Surveyor 45
P3 Skipper 45
P4 Surveyor 67
P5 VTS operator 41
P6 VTS operator 40
P7 VTS operator 25
P8 Skipper 42
P9 Surveyor 77

Table 3: Overview of participants
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6.3 Procedure and scenario design
During the interview, the path of expression will be followed.
The path of expression helps participants to better articulate
their wishes for the future (Sanders & Stappers, 2012). First,
participants were asked to think about their current work.
Then, participants were asked to think about changes in
their job that they have experienced and how they have per-
ceived these changes. After discussing their current work
and past changes, participants were asked about their vi-
sion of an USV. Following this, a simplified coloured drawing
of the current operational situation (two survey ships in dif-
ferent parts of the port, with each a skipper and surveyor and
VTS operators) was shown and explained. After showing
the drawing of the current operational scenario (Figure 20),
two fictional future scenarios were presented in the same art
style. The scenarios aim to provide participants with a con-
crete picture of a possible future with USVs. Presenting a

drawn scenario makes it easier to discuss ideas about the
scenarios and to express concerns (Zhu et al., 2024).
For the design of the scenarios, I drew inspiration from
the initial pilot plans of the port and literature on the fu-
ture of human roles and autonomous ships, in which shore
control centers and situational awareness were often men-
tioned (Li & Yuen, 2024)(Veitch et al., 2024)(Veitch & Al-
sos, 2022)(Mackinnon et al., 2015)(Saager, 2022)(Ramos
& Mosleh, 2021).
Additionally, trends from the PESTEL analysis (chapter 2),
as well as technical feasibility with current developments
were taken into account. Furthermore, business require-
ments such as increased efficiency and reduced personnel
were considered. A multitude of scenarios were created, but
only two were chosen to include in the interview. These two
scenarios will be discussed below. The other scenarios and
their explanation can be found in Appendix C.

Figure 20: Simplified drawing of the current operational scenario
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6.3.1 Scenario one (mothership scenario)

In the first fictional scenario, one of the two survey vessels
is accompanied by an USV. This USV can be remotely oper-
ated by a remote operator. The USV can perform measure-
ments simultaneously with the mothership and sail along
with it. While doing this the USV is able to sail its own tracks
autonomously. In case of a change in the situation or an ap-

proaching ship, the remote operator could take over remote
control over the vessel. In this scenario, the surveyor checks
the measurement data from both the USV and the mother-
ship. The scenario that is shown to participants during the
interviews can be seen in figure 21. This scenario is inter-
esting to include in the research because it is similar to the
pilot scenario of the Port of Rotterdam authority.

Figure 21: Scenario of two VTS sectors with one survey ship being accompanied by an USV
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6.3.2 Scenario two (remote control scenario)

In this scenario, the remote skippers is a new role, which
in some aspects is similar to the role of a VTS operator.
They monitor the surrounding traffic of the USV and com-
municate with the VTS operators. If a ship approaches and
the USV needs to move aside, or the USV needs to cross
a busy intersection, the remote skippers can take over con-
trol. The surveyor checks the incoming measurements from
the USVs and communicates with the remote skippers about
which measurements need to be taken where. While the
remote skippers ensure that the USVs arrive safely at the
measurement destination, the surveyor prepares the set-
tings for the survey (also for autonomous operation, for ex-
ample, drawing the area that the USV needs to survey). If
something goes wrong with the measurement, the surveyor

communicates this with the remote skipper so that appropri-
ate action can be taken. It is important that the remote skip-
pers and surveyor can work closely together and communi-
cate verbally. This scenario is interesting to discuss because
it utilizes distributed situational awareness (Van Diggelen et
al., 2024)(Saager, 2022). The mental load of monitoring
surrounding traffic for two USVs and remotely operating a
USV is likely too high for a human to perform. Therefore
two remote operators are assigned to this role. It would be
interesting to gather the opinions of participants on remote
control and how this would affect their communication. The
scenario should theoretically meet the business and techni-
cal requirements. It is technically feasible and theoretically
increases the efficiency of operations while reducing person-
nel. The drawing of the second scenario that was presented
to participants is shown in figure 22.

Figure 22: Scenario of two Vts sectors with each an USV
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Before the first interview, a pilot interview was conducted.
The purpose of the pilot interview was to get an idea of
the duration of the interview and to check if the scenarios
and questions would be clear enough for participants. In
the pilot, a more complex version of the scenarios was pre-
sented. In this version, the people responsible for checking
the data in the office after the measurements and the per-
son responsible for boat planning were also included. This
made the scenario too complex to understand. For this rea-
son, these roles were omitted in the scenario that was ulti-
mately used for the interviews. The final interview protocol
can be found in Appendix D. Before each interview, partic-
ipants were asked to sign an informed consent, which was
approved by the human research ethics committee of the
Technical university of Delft. The informed consent forms
can be found in Appendix E.

6.4 Data analysis
While coding, I apply an inductive approach. While doing
this I applied a bottom up approach in coding. This ap-
proach is suitable, because the goal of the research is to
gain a deeper understanding of the feelings and views of
VTS operators, skippers and surveyors on USVs and how

they perceive the implementation of these would affect their
work experience. Furthermore, I aim for the themes to re-
flect the content of the entire data set. This is favourable over
a more detailed description of specific themes, because the
views and feelings of skippers, surveyors and VTS operators
on autonomous ships are not yet known (Braun & Clarke,
2006).
The data was coded in line principles of grounded the-
ory (Charmaz, 2014). First I familiarize myself with the
data. This is done by reading through the transcripts, which
are automatically created through word or Microsoft teams.
When going through the transcripts I play the recorded in-
terview as a reference and check if the generated transcript
is the same as the recorded audio. While doing this, I wrote
down initial codes and patterns I noticed. When the tran-
scripts were cleaned they were loaded into Atlas.ti. The
data was approached through an realist lens. This means
that I assume that the data directly reflects the participants’
opinions (Braun & Clarke, 2006). The first round of coding
resulted in a total of 722 initial codes.
After three interviews, the initial codes were clustered in
Miro. An high level overview of this process is shown in Fig-
ure 23.
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Figure 23: High level overview of the data analysis

Clustering the codes resulted in an initial codebook with
several main themes: characteristics of the port area, con-
cerns about the USV, ideas about future work, advantages
of the USV, technology and work, current work, and require-
ments for the USV. After this, I have gone through the codes
and transcripts of the remaining interviews and refined the

codes. Finally the themes are reviewed once more. This is
done by going through all themes and the transcripts. When
the themes accurately represented the data, the themes
were named and a description was given, as can be seen
in Table 4. The final codebook can be found in Appendix F.
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Theme Description

Characteristics of the port
area

This theme addresses the specific characteristics of the port area mentioned by participants, such
as traffic density, the multitude of factors, and unpredictability. It also covers what distinguishes
survey work in the port area from survey work elsewhere.

Future of work with USVs This theme examines how participants expect USVs to impact their work, with both positive and
negative changes anticipated. It covers general work changes, as well as those specific to the
mothership scenario, the remote control scenario, and the context of advanced autonomous nav-
igation.

Implementation process of
USVs

This theme explores participants’ expectations and attitudes toward the implementation of USVs
in the port, emphasizing the need for collaboration, the importance of organizational culture, and
the necessity of a gradual transition.

Concerns about USVs This theme captures participants’ concerns regarding USVs in the current operational context,
including the lack of perceived advantages of USVs, the need for additional personnel, stability
issues, vessel traffic challenges, regulatory uncertainties, reduced human control, communication
and connectivity issues, and limited visibility.

Advantages of USVs This theme highlights the advantages of USVs in a port environment, such as their smaller size,
ability to access areas that conventional ships struggle to reach, and increased efficiency.

Expectations of USVs This theme covers all expectations and requirements that an USV must meet to operate within
the port context, according to participants.

Table 4: Overview of themes and descriptions
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6.5 Results
In this section, the results from the interview study are dis-
cussed.

6.5.1 The perspectives of surveyors, skippers, and
vessel traffic service operators on present and
future work with automation

During the interviews, participants were presented with the
two different scenarios and asked how these scenarios
would change aspects of their work. Some of the changes
participants mentioned would occur with any USV imple-
mentation. For example, when an USV operates in the port,
certain aspects of work for VTS operators, surveyors, and
skippers would change, regardless of the scenario. Partici-
pants from VTS emphasized that maritime traffic would need
to be aware of the presence of the USV, and that it would be
their responsibility to communicate this. As P5 put it,

’It does become a kind of extra caution for me as
a VTS all of a sudden that I have to pay attention
to it.’ (P5)

while another explained,

’That actually puts a lot of pressure on us, more
pressure on us.’ (P6)

The reason that verbal communication about the USV is
necessary is that participants expect the location of the USV
not to always be accurate, due to radar blockages by quays,
as P1 mentioned.
Surveyors indicated that conducting measurements with an
USV would not drastically change their work. However, an
important difference for them was whether the data could
be viewed in real time or only afterward. The latter would

require more preparatory work, and checking the measuring
equipment on the USV before deployment would become an
additional task for the surveyor, as reflected in the following
code by P4.

’You can even do that from the office. But some-
one on the boat, when it is sent out, still has to
check it once, turn it on.’ (P4)

Some participants preferred current survey operations over
working with the USV. Finally, participants highlighted the
ongoing importance of collaboration between surveyors and
skippers, emphasizing that communication should remain
unchanged. As one participant stated,

’So you still have to have contact with him. Then
you must be in a place where you have the skip-
pers next to you. That you can give directions
and instructions. I do that now too.’ (P2)

Multitasking was also considered undesirable, as measure-
ment data needs to be monitored closely, as P3 highlighted:

’You cannot use two echo sounders at the same
time in areas where you have no interference at
all and do not have to take anything into account.
That might work. But we know from practical ex-
perience that this is important. So you cannot in-
tervene on two echo sounders at the same time
to do something or so.’ (P2)

Some of the mentioned changes were specific to the moth-
ership scenario (Figure 21). Participants found it important
that there was a limited working distance between the USV
and the mothership. This was related to the visibility of the
USV. If other traffic could clearly see that the USV belonged
to the survey vessel, for example, through the same colors
or a short distance, this could increase the visibility of the
USV, as was mentioned by P1.
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’Maximum distance between the mothership and
the USV. That it is visible that the USV is work-
ing, not that it is under a corner and the USV is
not visible in the corner.’ (P1)

Participants also wondered whether both the mothership
and the USV would perform measurements simultaneously.
If this were the case, the skipper of the mothership would
need to account for the USV and navigate more broadly
around other maritime traffic. As one participant explained:

’I think that if you, also if you are sailing on the
big boat, you would have to look very carefully
at how you set your courses, because you want
to survey such an entire area in one go, together
with the small boat sailing with you. That means
you need much more space to sail your stretch.
So you will have to navigate more broadly around
ships. So actually, on the one hand, you want to
gain something, but on the other hand, you lose
it again.’ (P3)

If the mothership and USV were not measuring at the same
time, participants pointed out that the USV could be de-
ployed completely independently of the mothership:

’But then you could also say, I use it separately.
Instead of taking the boat with me.’ (P3)

Finally, participants mentioned the emergence of new tasks
specifically related to the USV, such as launch and recovery.
This would add extra responsibility in the mothership sce-
nario, and could take up significant time if not well thought
out. One participant illustrated the potential issue:

’Then you do launch and recovery of that vessel.
Either on the aft deck or in a smart way. So if
that is not well thought out, you will spend half
an hour on it, that is simply far too long.’ (P9)

Participants also wondered whether the remote operator
would communicate with the VTS or if the skipper would
handle this communication for the remote operator. Accord-
ing to skippers, they would take on the responsibility of com-
municating with the VTS for the USV. However, this would
add extra pressure on the skipper, as they would also need
to communicate with the VTS on behalf of the remote oper-
ator. For the VTS, this scenario was undesirable because
it meant they would have to speak to the remote operator
through an intermediary, potentially causing delays and the
loss of important information. As highlighted in the following
quote:

’Normally, it is just me to the skipper who is mak-
ing the decisions. And now there is actually a
kind of intermediary. And what changes, I think,
is the response speed. And yes, if it happens
that the remote operator is at the back of the ship
controlling that thing and I communicate via the
VHF to the skipper in the wheelhouse, who then
has to shout it to the back.’ (P5)

Another participant shared these concerns:

’This scenario we have here is difficult for us.
Yes, with that extra communication with that re-
mote. That does not make it easier for us. That
will certainly not be an improvement now.’ (P6)

The participants described several changes related to work
specific to the remote control scenario (Figure 22). Skip-
pers expressed a strong preference for working on the water
rather than from an office. One skipper remarked, for exam-
ple, that he would feel more comfortable being on the job
himself rather than ’watching from a distance,’ emphasizing
there were minimal benefits to remote control, because you
still need a location and the same crew for the job (P8).
Another participant noted the high costs involved, stating,
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’They’re not going to invest 3 million just to stop
sailing and start watching TV. Skippers want to
sail. That’s how I see it, and that could be a chal-
lenge. So, it’s a combination of autonomy and
human involvement. And the costs.’ (P6)

Participants raised concerns about reduced situational
awareness when operating remotely. Without being physi-
cally on the vessel, a skipper could lose the ability to look
around and respond to visual cues. As P5 explained, when
a skipper is physically on board, they check their surround-
ings, check the radar, and react to what is happening.
Sometimes, skippers notice things earlier than VTS oper-
ators whom are relying solely on radar, cameras and AIS. In
such cases, the skipper would immediately call: ’Hey, what
are you doing? Have you even seen me?’ That kind of situa-
tional awareness would be hard to replicate when operating
remotely.
Additionally, operating remotely would mean skippers would
have less physical feedback on how the ship is affected by
currents, wind, and waves. As P3 explained that physically
being on board allows him to feel the boat. Remotely, he
fears that sensation is lost: ’No matter how small the ves-
sel is, it’s still influenced by currents and wind. Here, you
see what your ship is doing, you feel how it moves, and
you react instantly. The question is to what extent you can
compensate for that. You would have to read that from your
equipment. (P3)’ While radar and other tools provide indica-
tors of what is happening to the ship, this information does
not equate directly experiencing the ships movement. He
also said that instinctive reactions, such as turning the ship
to avoid an approaching vessel, happen more quickly when
experienced first-hand.
Other than skippers fearing a loss of situational awareness
and feeling for the ship, VTS operators mentioned that as
long as they could still communicate directly with a human,

their role would remain largely unchanged. Surveyors also
expected that their work would not change much in this sce-
nario. They envisioned having the same visual information
as they would on the water, but from home or an office.
The fact that surveyors and skippers would no longer have to
be physically present in the port area could offer more flex-
ibility in work schedules, according to participants. For ex-
ample, a remote operator could start earlier to navigate the
vessel to the survey area, while the remote surveyor could
log in half an hour later once the vessel reaches the survey
location, as is expressed by P9:

’Then again, they’re always struggling with trans-
portation someone still has to pick them up and
bring them back to their departure point. They’d
rather not deal with that. So maybe this could
provide more flexibility, since people wouldn’t
have to travel back and forth in the morning.’ (P9)

Finally, participants shared varied expectations about how
the USV would reach the survey location. Some envisioned
the USV being launched into the water via a trailer, while
others imagined the development of automated docking sta-
tions specifically designed for the USV.
Other changes were not directly linked to either of the two
scenarios but rather referred to a future scenario in which
autonomous navigation technology had further advanced.
Participants envisioned that in highly advanced autonomous
navigation, ships would be able to communicate with each
other, avoid other traffic, and make decisions independently.
As P1 described:

’With full automation, a ship would send a sig-
nal within a 400-meter radius, saying, ’I’m here,
working.’ And another ship would respond, ’I’m
leaving the dock oh yeah, that thing is still there,
let me send a quick ping to check its location.
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There. I’m departing,’ it says to the smaller ves-
sel. The smaller vessel responds, ’Okay, I’m
here now. No collisions.” (P1)

Some VTS operators shared concerns that in a fully au-
tonomous port, their role could become obsolete. One par-
ticipant reflected on this possibility, suggesting that if au-
tomation functioned flawlessly, their job might no longer be
necessary: ’Because then ships would exchange informa-
tion among themselves about where they’re heading, where
they might encounter each other, and how they will pass
whether in front, behind, or by stopping. I don’t know.’ (P5).
Meanwhile, others believed that VTS operators would still be
needed to manage exceptions. One participant pointed out
that standard navigation patterns could be programmed into
an autonomous system, but unexpected situations would
still require human intervention. ’You have standard naviga-
tion patterns that you can rely on. And then there’s a whole
range of exceptions why and how they occur. I think we will
still be needed for those exceptions. Because in a computer,
you can input all the predictable scenarios and even create
a model for an ad-hoc decision. But when multiple scenarios
happen at once, that still needs to be figured out.’ (P1).
With the decrease in work, VTS operators expected that
each operator would be responsible for a larger section of
the port. Others expressed concerns that many might fear
their work will lose value once everything becomes auto-
mated. As one participant summarized,
’And many VTS operators and others will be very skeptical
about it. Because they are also afraid that their work will no
longer have any value once everything gets out of hand and
everything is safe.’ (P5) Participants expected that skippers
would no longer be needed in a highly automated environ-
ment. On the other hand, surveyors anticipated that they
would still play an important role in configuring measure-
ment data and ensuring the quality of the data collected.

6.5.2 Sink or swim: Concerns and expectations for
USVs

In this section, the concerns and expectations of automation
in relation to the context of the port are discussed.

The port, a busy and unpredictable environment for au-
tomation
Conversations with participants often revealed that the port
area is a highly trafficked and complex environment, with nu-
merous busy areas and intersections in which ”The square
meters are being claimed” (P6). One participant compared
it to an ant nest:

’But look, for example, at the Waalhaven or the
Eemhaven, that is essentially one big ant nest.
And also just the intersections here, like the
Botlek, the Oude Maas. It’s all super... Yeah,
it’s one big ant nest.’ (P8)

The traffic situation can also change rapidly in the port, with
an area that is calm one moment suddenly becoming busy.
P6 provided an example in which suddenly four ships in a
row appeard in a seemingly calm part of the port. Aside
from vessel traffic, other unpredictable factors contribute to
the dynamic environment of the port. P1 described these
factors in the following quote:

’You have high tide, low tide, headwind, ebb,
flood. So all these factors. There is always a
plan. And as soon as the plan starts, deviations
begin. And everyone has to adapt to those devi-
ations. So within 10 minutes, everything can be
different.’ (P1)

The combination of factors and the high traffic density show
the importance of local knowledge, which ”you don’t learn
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from a book, especially not in Rotterdam.” (P8), but through
operational experience.
Surveying operations in the port come with specific chal-
lenges compared to other environments, one of which is
moving aside for other marine traffic. A participant noted
that surveyors from other ports believe that ’Everyone moves
aside for them.’ However, in the Port of Rotterdam, ’you
move aside’ (P1). Even when surveyors are in the middle
of a survey area and are clearly visible, they often have to
move aside for approaching vessels, as is illustrated by P9:
’I was conducting a survey in a specific spot, and we were
highly visible, right in the middle of the port area. Then a
ship came sailing in, and at some point, we simply had to
leave our position’ (P9).
The geography of the survey areas presents another chal-
lenge. Because these areas are spread out, survey vessels
spend a significant portion of their time simply reaching the
survey locations. One participant estimated that ’about one-
third of the time is transit sailing, and two-thirds is actual
data collection’ (P9).
Many areas are not easily accessible from the quay, as they
are managed by private companies. Some areas are reach-
able by car, but this process involves complex regulations. A
participant remarked:

’You can hardly launch that USV from the shore
anywhere. At least, that is possible, but that
is very difficult, because of course you have all
kinds of sites that surround the port area, in-
dustries that all have extremely strict regulations
with permissions. That is required by the govern-
ment, but also by the companies themselves, so
going through those sites of the tenants and/or
owners is simply very difficult. You do not have
the ideal view there either.’ (P9)

In current operations, all survey areas are reached by sail-

ing.
Participants expressed many concerns about the feasibility
and suitability of USV in the port context, including the lack
of clear advantages, the need for additional staff to operate
them, uncertainties about their stability and visibility, po-
tential challenges with traffic and regulatory requirements,
the reduced level of human control, and issues related to
communication and connectivity. I will now discuss these
concerns further.

No clear advantages of USVs
Surveyors and skippers saw few advantages in using an
USV given the costs. One participant compared it to the
energy transition, stating, ’it costs a lot and people don’t do
it either. If someone owns a cargo ship and sailing is prof-
itable, they’re not going to invest 4 million just so they don’t
have to touch the controls anymore’ (P6).
This criticism was especially strong in the mothership sce-
nario, where the larger vessel could also survey hard to
reach areas. ’If it’s about slopes, I can also hang over a bit
at high tide and rotate the echo sounder head. Then I have
that data too, I do not need a USV for that’ (P2). Participants
noted that an USV would mainly be useful in shallow, quiet
areas, which are limited in the port.
As a result, deploying an USV with a mothership was seen
as a waste of time. ’That intermediate phase, it’s not going
to bring much, I suspect, in terms of time and other factors.
Maybe just more costs’ (P9).

Additional staff required for USV operations
Despite personnel shortages, participants expected USVs
to require more staff. Workers would still be needed to trans-
port and launch the USV. One participant noted that while
automation is expected to reduce crew size, ’it really is not
feasible. You would still have to work with the same crew. I
see no advantage in that at all’ (P3).
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Even when deployed from shore using a trailer, more peo-
ple are needed. One participant described tests where two
people transported and launched an USV, after which sur-
veyors on shore took over: ’That means that for one USV,
three people are needed’ (P3).
Finding a suitable operator was also seen as a challenge.
One participant pointed out that ’you often encounter break-
downs or technical issues, so the operator should be a
younger, more technically inclined person. But if you want
someone who meets all the requirements in advance, you
will never find them’ (P9).
Concerns about USV stability and visibility Participants
assumed an USV would be smaller than the current survey
vessel, but this smaller size brings disadvantages. A small
USV might struggle with wake waves from other vessels, as
one participant explained that ’a huge push-boat produces
a wake that lifts such a thing up. You can hit it against the
quay. I think it immediately gets mangled’ (P2).
Visibility was another concern, particularly on radar. A VTS
participant pointed out that ’sometimes we don’t even see
some of the yachts on the radar because they are so small
that they are not visible,’ raising doubts about whether an
USV would be detected in busy port areas (P7).
Maintaining a straight course in strong wind or currents
could also be an issue. If the engine lacks sufficient power,
the USV might not be able to ’hold those courses properly,’
making navigation unpredictable (P5).
For these reasons, some preferred a larger USV for stability,
as ’you are more stable on the water than with such a small
thing’ (P9).
In high-traffic areas, a larger vessel was seen as more suit-
able. One participant noted that in places like the Ama-
zonehaven and Europahaven, where maneuvering is con-
stant, ’your own boat can more easily maneuver between
traffic there than a small boat, which can even operate au-
tonomously’ (P4). A larger USV would also be more visible

to other traffic, according to participants.
Concerns related to traffic Participants expressed con-
cerns about the use of the USV in busy areas. While it
might function well in calmer parts of the port, one partici-
pant noted that in high-traffic zones, an USV would not be
usefull. ’In very specific situations. For example, along the
Gloringen, in smaller ports where your survey vessel is al-
ready fully occupied. I would think that an USV wouldn’t be
a problem there. But in busy intersections, I think there will
be more drawbacks’ (P8).
Participants also mentioned that other skippers might be re-
luctant to make space for the USV because there is no crew
on board.
Furthermore, concerns were raised about the USV’s abil-
ity to avoid prop wash, which is crucial for successful depth
measurements. One participant explained:

’In an area with heavy shipping, you also have to
consider how you miss the prop wash of vessels,
that is the only factor that determines whether
you get a good or bad measurement. And that is
still difficult with an USV.’ (P3)

Concerns about regulations
Another concern that participants had about the feasibility
of a USV was legislation and regulations. Participants indi-
cated that a barrier to the implementation of USVs would be
the strict regulations. Participants also think that applying for
permits will take a lot of time. Finally, there were questions
about liability in the event of accidents caused by an USV.

Concerns about lack of human control
In the scenario of fully remote control, participants ex-
pressed concerns about the difficulty of human interven-
tion and supervision, especially in case of problems with the
USV. One participant questioned what would happen in case
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of a technical failure: ’If something breaks on board, how
does that work? Does the vessel just sit idle?’ (P6). Others
questioned whether a backup system would be available in
the event of a system failure and emphasized that interven-
tion would be much harder when the operator is not physi-
cally present. ’Because you can intervene more easily if you
are on board’ (P4).
Besides concerns about intervening during malfunctions,
participants also worried about maintaining control over
measurement quality in an automated system. As one par-
ticipant stated, ’if something happens automatically, it also
goes wrong automatically’ (P4). Without real-time oversight,
errors could go unnoticed, potentially wasting an entire day
of work. ’Unless the data connection is 100 percent and you
can intervene everywhere, you might end up finding out at
the end of the day that you’ve lost an entire day’ (P4). An-
other participant reinforced this concern, pointing out that ’if
a malfunction occurs, you don’t know what happened, be-
cause you are no longer directly overseeing it’ (P2).
Concerns about communication and connectivity Partic-
ipants expressed the need for a strong and fast connection
due to high shipping speeds and long stopping distances.
Because, unlike cars, ships cannot simply pull over, so ’ev-
erything must be communicated in time’ (P5).
According to participants, remote operation would always in-
volve delays: ’Whether you are in the office or on the boat
and see nothing, that doesn’t matter much. It is only the
delay, the quality of the connection. . . I don’t know if it is
sufficient yet’ (P6).
These delays in response time were a concern to partici-
pants, especially in busy areas , where quick decisions are
crucial. An example of this is given by P6: ’If it is very busy,
that can cause problems. In the Botlek, everything moves
fast. You say this and that, and a surveyor decides: ‘Never
mind, I’ll go around it or pull it aside.’ That decision is taken
very quickly’ (P6).

Beyond delays, participants worried about total loss of con-
nection, which could leave an USV stranded. ’If there is no
data connection at random locations, then it is in a black
hole and essentially gone’ (P4). Even under normal condi-
tions in the port, ’the communication link is not 100 percent
guaranteed’ (P4).
Due to increased construction in the port connectivity could
become even more unreliable. Radar signals can bounce off
wind turbines and buildings, making vessels hard to detect,
as is illustrated by P1: ’We still have several places in the
port where there are ships, but you do not see them’ (P1).

6.5.3 Advantages of USVs

One frequently mentioned advantage of USVs is their
smaller size, which allows them to take up less space in the
port. P7 explained that, a smaller vessel can ’come closer
to the shore’ and ’inconvenience people less’ since others
do not have to take it into account as much due to its small
size.
Another advantage of the small size is that it makes it eas-
ier to access hard-to-reach areas. P8 noted that for ’mea-
surements of slopes, dredging areas, and real corners and
crevices of the port,’ a smaller vessel would be more practi-
cal than the current survey vessel.
This is because, manoeuvring between piers or measuring
small angles is a time consuming task for the current survey
vessel. P4 pointed out that an USV, in contrast to the current
survey vessel, ’flies in between and then it’s done,’. Besides
reaching difficult spots faster, participants noted that the
USV could be efficient for large, repetitive measurements.
P9 suggested dividing tasks strategically, with ’the side from
which the wind comes measured by the smaller vessel, so
that you finish a few hours earlier’ (P9)
Another advantage that was mentioned of the USV is safety.
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Without a crew on board, risks are lower, because, accord-
ing to P5, ’a little USV, when it hits the quay, is probably only
troublesome for itself’ and unlikely to cause serious damage
to other vessels.
Another advantage of USVs was that surveyors and skip-
pers would not have to travel to the location daily. This
would make deployment more flexible. Finally, USVs were
seen as a potential solution to personnel shortages, as P1
mentioned: ’You need fewer people, and it is difficult to get
people’ (P1).
Some saw the USV as an innovation and a valuable addition
to surveying. ’As a surveyor, it is an expansion of your work
package. These are innovations, you should not close your
eyes to them. You are starting something very new, which
may also be somewhat refreshing’ (P3).

6.5.4 Expectations of USVs

Based on the specific characteristics of the port area, par-
ticipants’ concerns about the use of USVs and its benefits, a
number of clear expectations can be found that participants
express about an USV.
Participants expected the USV to navigate independently,
requiring human intervention only for retrieval as P4 says:
’The USV navigates by itself. You only need to be present
when it is finished, when it needs to be taken back on board’
(P4).
The USV should maintain a safe distance from other ves-
sels, especially when crossing other traffic. This would be
important to stay visible, because, while a small USV might
consider ’two meters of distance sufficient,’ a skipper on a
large container ship ’might not see that USV’ from high up
(P5).
The USV was also expected to avoid static obstacles and
account for prop wash, as P4 states: ’When it sees an obsta-
cle, it goes around it’ (P4). According to participants, quick

response times were crucial: ’The most important thing is
that these USVs, when they need to take action to avoid
something, can do so immediately’ (P7).
Besides responding quickly, the USV should also be able
to anticipate movements to prevent sudden course changes
that disrupt traffic. One participant compared this to a Tesla,
which ’navigates on its own’ but must do so without ’causing
a collision or chain reaction’ (P6). Sudden course changes
would not be appreciated and VTS operators stressed the
importance of predictable behavior: ’If it really follows its own
lines, then I can tell a skipper to go around it. Predictability
is better’ (P6).
Finally, it was expected by surveyors that the USV would
be capable of automatically generating and applying sound
speed profiles.
Participants indicated that the USV would be suitable for
calm parts of the ports with little vessel traffic. For exam-
ple, wide, quiet ports were seen as possible deployment ar-
eas (P3). In this, the absence of other traffic appeared to be
the most important condition for participants, with some sug-
gesting it would be best used in areas that are temporarily
closed off for other traffic entirely, as P5 states: ’Autonomous
navigation could work very well in areas where it is certain
that no vessels will be entering or leaving’ (P5). One way to
ensure this would be for VTS to temporarily close off a sec-
tion of the port and communicate this to other vessels. In
such a setup VTS operators would not have to care for the
USV: ’I don’t have to worry about it. It does the tracks, and I
don’t have to inform anyone’ (P1).
Many participants stressed the importance of making the
USV clearly visible to other traffic. Due to the small size
of an USV, it could easily disappear behind larger vessels,
pilings, or buoys (P8).
To improve visibility, it was suggested by P7 that the USV
be equipped with AIS and appear on radar: ’If they are
equipped with AIS, others can see it on their maps. Then
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it stands out a bit more. I think that is the most important,
especially if it is very small’ (P7). Others said that radar re-
flectors could further enhance visibility.
Participants also emphasized that the USVs function as a
survey vessel should be clear to other traffic. P1 stated:
’It must be clearly visible and associated with its identifica-
tion, indicating what it is for’ (P1). Participants mentioned
that could be achieved by displaying ’Surveyor’ on AIS or
by using specific colours to link it to the mothership. It was
also suggested to add a feature, like lights, that immediately
signals other waterway users that a USV is operating au-
tonomously.
Participants emphasized the importance of communicating
the USV’s planned route to VTS and possibly other traffic.
VTS operators supported the idea of making USV tracks vis-
ible on navigation systems, allowing vessels to adjust ac-
cordingly. ’Perhaps they can see on their maps: this one
follows this route, so you must go around it’ (P6). Since
survey vessels normally communicate their route verbally, it
would be useful if an USV could do this automatically. ’If it
can indicate how it is going to sail, that would help. Then I
can make a plan and know where it will turn again’ (P5). P1
explained how this could work in practice:

’The vessel sails in the port, because it is per-
forming surveys. If we can view the route, this
way we see that it goes up to 150 meters, and
then it turns around for its next track. Then we
know that everything beyond 150 meters is clear.
Then we can operate safely and others know
what is going on.’ (P1)

It is also important for other vessels to know whom to con-
tact when wanting to communicate with the USV. Communi-
cation needed to be ’as short as possible, with as few inter-
mediaries as possible’ (P1), leading some VTS operators to
prefer a fully remote scenario as ’the best option’ (P6).

The USV had to remain in constant contact with its surround-
ings, especially regarding course changes. P1 stressed the
need for a system that signals unexpected manoeuvrers:
’What happens if it suddenly receives other orders? Does it
suddenly turn? Then there must be a system that indicates
this, so vessels can take it into account’ (P1). For example,
if the USV decided to repeat a measurement after detecting
an anomaly, it should send a notification to VTS operators
that it deviates from its track: ’Would it then do that auto-
matically without informing me? I would like it to tell me that’
(P5).
Finally, participants emphasized that the remote operator
should be trained in VHF communication to ensure smooth
coordination with VTS and skippers. The reason for this was
given by P8: ’If you speak the same language as the VTS
and the skipper, everything runs much more smoothly’ (P8).
For remote control, participants expressed the need for suf-
ficient situational awareness for the remote operator: ’You
must always have a wide view around you. ’ (P3). Besides
sufficient situational awareness, it should also be possible
for a human to take over control at any moment: ’You must
be able to take over from one moment to the next’ (P3).
Participants expressed the need for physical intervention if
something goes wrong with the USV. And while doing this it
should be ensured that other vessels are not burdened. P5
suggested that there should be a vessel available to retrieve
defect USVs: ’There must be arrangements for that, I think’
(P5).
Maintaining ’eye contact’ (P2) with the USV was important
for some participants. P2 preferred sending an accompa-
nying vessel to ensure a human was always nearby, he ex-
plained: ’You must be present. So you would rather have a
small boat with you’ (P2).
Opinions varied on whether an accompanying vessel was
always necessary. Some saw it as essential for intervention,
while others believed a well functioning USV could operate
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independently: ’But then you could also say, I use it sepa-
rately. Instead of taking the vessel with me’ (P3).
Finally, the USV should have sufficient battery life to com-
plete its tracks. According to one participant, this should be
at least 5 to 6 hours of continuous operation: ’It should be
able to cover both the larger areas and the smaller, more
inland areas. The USV needs to be able to operate continu-
ously for at least 5 to 6 hours. And also, if it could be quickly
recharged from the vessel.’ (P9)

6.5.5 A slow but certain transition to a more automated
work environment

Technical innovations did not seem new to the participants.
Many of them could readily cite examples of how technol-
ogy had transformed their work in recent years. For in-
stance, several mentioned digital buoys and ongoing tests
of autonomous navigation in the port area as clear signs of
progress. P4 was convinced that autonomous navigation
was inevitable, remarking that,

’I believe they will come, anyway. It is a de-
velopment in the market that simply cannot be
stopped.’ (P4)

and adding that these systems would only get better at
avoiding other vessels over time.
When discussing automation in the port, participants often
envisioned a fully automated port running faultless. Yet, they
also raised concerns about a hybrid environment where hu-
man and computer control coexist.

’half operate autonomously and the other ves-
sels just have to sail around them.’ (P5)

They also recalled past experiences with technology that,
while innovative, didn’t always work perfectly. One partici-
pant explained that ’the systems have indeed been updated,’

(P6) . However, he stressed that such improvements take
time, noting that progress is slow. Another participant rem-
inisced about the early days of AIS technology, describing
how it was initially imprecise in the port due to signal issues
around structures, but gradually became more reliable over
three to four years (P1).
Just as technology evolves, the participants observed that
people also gradually adapt to these changes. P1 noted:
’I see it in a positive light. It is already in that transition
period over the next 8 or 9 years, where you have an in-
termediate form.’ (P1), suggesting that once a 40 percent
autonomous system is in place, other traffic in the port will
get used to USVs. Another participant warned that the tran-
sition would require knew knowledge, comparing it to going
’back to school.’ (P4).
The participants said that if USVs are to be implemented in
the port area, practitioners must be involved: ’if there are
developments related to our field, then they should be han-
dled by us.’ (P2). P6 stressed the need for ’very good
planning,’ (P6), insisting that those with operational experi-
ence should be at the table and that arrangements should
be clearly documented. In line with this, P5 recommended
that procedures be developed jointly with the port authority.
They stated, ’And that we, together with the port authority
and those operators, develop some kind of plan.’ (P5)
It was also noted that any implementation should account
for other port users. One participant said that while a lot
of planning might focus on the new technology, what is of-
ten missing is consideration of : ’the other people who are
in the port.’ (P2). P5 suggested forming workgroups with
operators and developers who truly understand the ship’s
properties of the technology.
Testing of the USV was seen as a crucial step. P4 suggested
starting with quieter parts of the port, so that measurements
can be taken ’while there is simply no one there.’ (P4). An-
other participant warned that : ’you only really find out when
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you actually try it.’ (P7), meaning that pilots in a real world
environment will reveal unforeseen issues with the technol-
ogy.
Finally, participants addressed the need for a cultural
change within the organization. They noted that au-
tonomous navigation could never succeed if people were not
willing to embrace it. They also stressed the importance of
involving young, technically skilled individuals in the imple-
mentation of USVs. P9 stated: ’It’s not such a big deal, but I
do think that you need some delicate people to set that up.’
(P9) Lastly, participants warned that small errors during the
testing phase could lead to resistance and a loss of trust
among users. As P8 put it,

’I think that if something happens, you really
need to be able to trust that it works. (P8)

6.6 Discussion
The results provide insight into workers thoughts on au-
tonomous ships, their expectations and how they perceived
this technology would influence their work. The results also
touch on the implementation process of autonomous ships.
This section will go into the insights and discuss how they re-
late to existing knowledge on human work and autonomous
systems. I will discuss the possible burden of automation
for human work, the definition of an automation friendly con-
text, and the requirements for effective human-robot collab-
oration.

6.6.1 The possible burden of automation for human
workers

In the literature on autonomous ships, the following ad-
vantages are often highlighted: they are more efficient,
can navigate more optimal routes, and human error could
be reduced (Kristensen & Børsen, 2024)(Mackinnon et al.,
2015)(Veitch & Alsos, 2022). This differs from the advan-
tages mentioned by participants in the interview study. Here,
the focus was more on the smaller size of the USV, which al-
lowed for easier surveying along quays, and the flexibility in
personnel deployment. However, one advantage mentioned
was that in the event of a collision, there would be no crew
on board the USV.
Participants also had the impression that a USV could be
more dangerous than a manned ship due to possible con-
nection delays or reduced visibility to other vessels.
What is interesting, is that participants expected that their
workload would not decrease after the implementation of
USVs, however participants did expect that their work might
become more complex or difficult. For example, surveyors
and skippers feared that introducing an USV would lead to
multitasking. Additionally, working with a USV would require
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VTS operators to warn other traffic about its presence and
potentially communicate with the remote operator through
an extra communication link, as in the mothership scenario.
Even if most of the port would be autonomous, VTS opera-
tors still did not expect their workload to decrease, instead,
they indicated that they would likely oversee a larger area.
This aligns with what Bradshaw et al., 2013 describes this
phenomenon as the ’law of stretched systems,’ which states
that rather than relieving people of tasks, automation adds
new cognitive tasks. As a result, people may end up doing
more work or performing their tasks in a more complex way.
Many participants indicated that the tasks where an USV
could be advantageous were rare in the port or could al-
ready be performed with existing equipment. Furthermore,
they did not see many advantages in using an USV. Ac-
cording to Goodwin-Sak et al., 2019, this lack of perceived
necessity of USVs could negatively affect their implemen-
tation in the port. This is because, perceived necessity is
the primary driver for an individual to be open to automa-
tion. If the perceived risk of automation, such as job loss
or increased workload, the perceived necessity is weakend.
If the perceived benefit is high, the perceived necessity be-
comes larger. Regarding the perceived risk, participants did
not believe the USV would replace their jobs. Some sug-
gested this would only happen if autonomous ships could
navigate flawlessly and humans were no longer needed.
Baltrusch et al., 2022 argues that technology must offer a
clear improvement over existing work. Executive sponsor-
ship, early user engagement, and good communication are
strategies to increase perceived necessity among workers,
which could be beneficial for the port. Other useful strate-
gies could be: Understanding user needs and fostering em-
ployee support (Goodwin-Sak et al., 2019). User involve-
ment was also mentioned by participants, who stated that
people from practice should be included in the development
of USVs. Chu et al., 2023 supports this idea, listing several

benefits of involving end-users, such as higher work quality
due to better consideration of employee needs. Additionally,
it can strengthen the trust relationship between humans and
robots, which, according to Baltrusch et al., 2022, is cru-
cial for effective human-technology collaboration. Finally, it
improves design quality and prevents unnecessary issues
during testing, as workers have direct experience with the
technology and specific knowledge of its practical use (Chu
et al., 2023). This last point was especially highlighted by
participants as a reason to be involved in the implementa-
tion process. According to Veitch and Alsos, 2022, exclud-
ing workers can also have negative consequences. Workers
might develop resentment toward developers and managers
responsible for implementing autonomous technology if they
feel their operational knowledge is undervalued. However,
this was not explicitly mentioned by participants in the inter-
views. What was emphasized, was the value of operational
knowledge in the port area.

6.6.2 The port: an automation-friendly context?

Participants stated that complexity of the environment and
number of factors make automation in the port challenging.
These findings align with Ramos et al., 2021, who argue that
autonomous systems are fragile they work well in controlled
situations but fail when unexpected events occur, which is
characteristic of the port environment. Due to the unstruc-
tured and complex setting with multiple stakeholders, suc-
cessful automation is difficult (Veitch et al., 2022). In ad-
dition to this, participants noted that while the USV would
struggle in high-traffic zones, it could operate in a calm or
fully restricted area. This says something about the trust
participants have in the autonomous done and its capa-
bilities. Bradshaw et al., 2013 Illustrates the challenge of
deploying technology that can withold in its intended oper-
ational context by defining two dimensions of automation:
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self-sufficiency (the ability of technology to sustain itself)
and self-directedness (the ability to make independent de-
cisions). In situations where technology is expected to fail,
such as busy traffic it is common to reduce self-directedness
by maintaining manual control. However, balancing this
according to the context is crucial. Over-trusting an au-
tonomous system in a scenario it cannot handle may lead
to serious consequences, while a lack of trust could result in
under utilization. If a technology requires too much human
intervention, it becomes a burden. The innovation depart-
ment should find a suitable balance between over trust and
undertrust in the USV.

6.6.3 Organizational characteristics

Beyond environmental factors, participants also discussed a
specific organizational culture needed to implement USVs.
They believed younger workers, more open to new tech-
nology, were needed for successful implementation. Ad-
ditionally, they felt that if the USV showed errors, work-
ers would be unlikely to accept it. Participants also stated
that a remote operator should have technical expertise and
knowledge of maritime navigation, but finding such person-
nel would be challenging. Veitch et al., 2024 confirms that
autonomous systems require highly skilled personnel. Jin,
2023 also notes that autonomous ship operators must un-
derstand the technology and possess maritime navigation
knowledge. According to participants, workers should learn
how to work together with the USV. Goodwin-Sak et al.,
2019 emphasizes the role of organizational culture in au-
tomation. If an organization embraces innovation, takes
risks, and values learning, automation is more likely to be
adopted.

6.6.4 Human-robot collaboration

Some participants suggested that a fully autonomous port
would function almost flawlessly since it would not need to
account for other vessels. This reflects the myth that col-
laboration between humans and technology is unnecessary
in a fully automated environment. Bradshaw et al., 2013
emphasize that human work will always be intertwined with
autonomous systems, especially in unpredictable environ-
ments where systems must operate beyond their intended
context. Moreover, human work cannot be fully replaced by
automation (Bradshaw et al., 2013). Veitch et al., 2024 even
argue that as systems become more autonomous, human
collaboration with them will increase.
This is because human work often involves more than what
automation can replicate. Akridge et al., 2024 found that bus
drivers in the U.S. performed tasks beyond driving, demon-
strating that automation should consider what aspects of hu-
man work might be lost. Similar concerns emerged from
participant interviews. For example, skippers feared that an
USV would be unable to avoid prop wash, something hu-
man skippers do instinctively. Additionally, they noted that
outsiders often struggle to understand the full scope of their
work.
Skippers also worried about reduced situational awareness
when operating vessels remotely, preferring to work on the
water rather than in an office. Situational awareness is a
key topic in autonomous navigation research (Alamoush et
al., 2024)(Endsley, 2017)(Mackinnon et al., 2015)(Saager,
2022). Alamoush et al., 2024 describes how remote con-
trol can create an information gap. Participants highlighted
this gap, noting that visual perspective affects how much dis-
tance they keep from larger ships and that many port activ-
ities are not properly indicated on digital systems, such as
diving operations.
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6.6.5 Limitations and future work

Several limitations may have influenced the research find-
ings.
First, the participant pool was small due to the niche nature
of the field. Only nine participants were interviewed, which
may have affected the results. Furthermore, the study fo-
cused on three stakeholder groups directly or indirectly im-
pacted by the implementation of autonomous vessels. Inter-
viewing additional stakeholders, such as survey planners or
skippers from other types of shipping, could have provided
broader insights. A future study could expand beyond three
stakeholder groups and include those involved in the imple-
mentation process to identify potential differences in experi-
ences and expectations.
The study took place at the start of an automation project,
representing only a snapshot of the overall process. Investi-
gating an automation project from beginning to end through
action research could provide deeper insights into differ-
ences in expectations between the early and later stages
of implementation.
Lastly, it is likely that participants were influenced or guided
by the scenarios used in the study. These scenarios were
designed to facilitate concrete discussions about expecta-
tions and the impact of automation. However, each scenario
included an USV, which undoubtedly shaped participants’
perspectives. A follow-up study could avoid pre-constructed
scenarios and instead present individual system elements
to prevent potential bias.
There is also a risk of a technology push in this study, as
USVs were framed in future scenarios. It is essential to re-
main critical of whether these technologies genuinely add
value in the current context. Additionally, this framing may
have shifted discussions toward the technology itself rather
than focusing on human experiences. As a result, partici-
pants may have been left to identify gaps where the technol-

ogy falls short. Despite this, the choice was made to include
USVs in the scenarios, as the primary focus of this project
was automation.

6.7 Conclusion
The aim of this study was to get insights into the attitudes
and experiences of skippers, surveyors and VTS operators
working in the Port of Rotterdam regarding USVs. In order
to answer this question I created two possible future sce-
narios which included USVs and presented these to par-
ticipants. The attitudes of participants towards USVs were
mixed, with many expressing fears on the lack of desirability
and feasibility of an USV in the port environment. Some
fears were related to the idea that the implementation of
an USV might result in more difficult work. The study also
sheds light on workers expectations of qualities that an USV
needs to posses to be successful in a port context.
In order to ensure the success of an USV in the port envi-
ronments, it is important to address the lack of desirability
by designing the USV to be in line with workers expecta-
tions and needs. In order to ensure the feasibility of an USV,
the study recommends to balance the characteristics of the
context of deployment with technical capabilities of an au-
tonomous USV to achieve the right level of self-directedness
and self-sufficiency.
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6.8 Trade-offs of future scenarios with USVs
The future scenarios could be plotted on a horizontal axis,
as shown in Figure 24. The horizontal axis would represent
the willingness of the port authority to embrace beyond vi-
sual line of sight remote control within the port area. In this
context, the current scenario would be the scenario in which
the port authority is not willing to adopt this at all. The moth-
ership scenario represents the case where the port authority
does test with remote control and USVs but still requires a

human to be physically present. In the remote control sce-
nario, there are no longer any humans physically present
with the USV.
Below, I have outlined each scenario with a brief summary
of the advantages and disadvantages of each option. The
innovation team can use this to become aware of the po-
tential pros and cons of each scenario based on the ideas
expressed by skippers, surveyors, and VTS operators dur-
ing interviews.

Figure 24: Three scenarios plotted on an axis based on the willingness of the port authority to embrace beyond visual line of
sight operations in the port
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6.8.1 Current Scenario

In the current operational scenario, the flexibility of survey
equipment is very low. To conduct a survey, both a skipper
and a surveyor must be available. They then need to travel
to the vessel, which must dock before sailing to the survey
location, a process that can take anywhere from one to sev-
eral hours. This conflicts with the unpredictability of the port
environment.
Operating a survey vessel is a specialized and intensive
task, and temporary staff, who are increasingly employed
to address labor shortages, are generally less proficient in
handling it. Moreover, manoeuvring between small docks
is time-consuming, while the process of sailing long survey
tracks is considered monotonous. Lastly, VTS operators cur-
rently have little insight into the planned survey work or the
routes the survey vessel intends to follow.

6.8.2 Mothership Scenario

While the mothership scenario provides a solution for trans-
porting the USV to the survey location and ensuring a phys-
ical presence near the USV at all times, it does not appear
to be the optimal approach for implementing an USV in the
port.
The research indicates that surveyors and skippers see little
benefit in the mothership scenario. An USV would primarily
offer advantages in shallow parts with minimal vessel traffic
or along docks and quays, but the current survey vessel is
also able to achieve most of this. Additionally, launching and
recovering the USV could be a time-consuming task, requir-
ing extra personnel on board to operate the USV or mon-
itor survey data. This would require an operator with both
nautical training and survey expertise, two specialized skills
that are already in short supply. While current port skippers
are also trained to perform survey work, they would still be

needed to operate the conventional survey vessel.
Another limitation of the mothership scenario is the size of
the USV, which is constrained to what can fit on the deck
of the existing survey vessel. Stakeholders in the port area
have expressed concerns regarding the USV’s power, en-
durance, visibility, and stability.
Advantages

• Physical presence of personnel on-site to monitor the
USV

• Potential time savings

Disadvantages

• Potential additional communication link required for
VTS operators

• Limited time savings if USV launch and recovery are
inefficient

• More personnel required instead of fewer, as multi-
tasking is not desirable

• The USV is expected to provide benefits in only a very
limited number of locations in the port area

• Added burden on the skipper to keep the USV in sight
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6.8.3 Remote Control Scenario

Compared to the mothership scenario, the remote control
scenario offers greater flexibility. However, participants ex-
pressed concerns about its technical feasibility and pre-
ferred working on the water rather than from an office. Since
the USV no longer needs to fit on the mothership, there is
greater flexibility in its design. However, a certain degree of
flexibility will still be needed in the early stages, allowing the
USV to be transported by both a vessel and a trailer.
Advantages

• Increased efficiency as personnel do not need to travel
to the survey location

• Greater flexibility since skippers and surveyors do not
need to be on board the vessel simultaneously

• Direct communication line between the skipper and the
VTS operator

Disadvantages

• Potential delays in connection and control, which could
be dangerous in high-traffic areas and with long stop-
ping distances

• Unclear how the USV will reach the location

• Skippers and surveyors prefer working on-site rather
than from an office

• Reduced situational awareness for skippers in fully re-
mote control operations

• No personnel present on-site, making it difficult to in-
tervene in case of malfunctions

• Likely the same number of personnel required, as mul-
titasking is not desirable and maintenance staff will still
be needed for the USV

6.9 Next steps
The expectations and attitudes of skippers, surveyors, and
VTS operators regarding an autonomous ship have become
clear. These interviews revealed that while there are op-
portunities to improve work quality, workers also expect that
automation could make their jobs more challenging and pro-
vide little benefit over current work. In the next chapter,
these insights will be combined with findings from previous
context research to explore how automation can add value
to work quality and the broader context.
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7 Explore worker-
technology fit
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7.1 Introduction
In this chapter will be explored in what way a USV could
be a positive contribution to the current work environment.
This will be done by outlining the minimum requirements
for a USV to be operational successfully in the port. Also
workers’ needs and pain points will be combined to create
worker-technology fit.

7.2 Design requirements
During the previous steps, the requirements shown in Fig-
ure 26 were identified. These requirements represent the
minimum conditions that must be met for an USV to oper-
ate successfully in the port environment. In order to have a
successful design, the design must be viable, feasible, and
desirable.
Desirability means that users want the product. The end
users in this scenario are the workers. These workers will
end up interacting with the USV on a daily basis and and if
they do not see the solution as desirable or as an improve-
ment on their current work, automation acceptance will likely
be low.
Feasibility means whether or not the concept can be cre-
ated or not. Feasibility is important to consider to some ex-
tent, especially when designing for the near future, but for
speculative design it should not become a limiting factor for
creativity. However, it is important to mention that the port
is a highly regulated environment and that legislation should

be taken into account as much as technical feasibility.
Viability means that the design is viable from a business per-
spective. One of the main drivers for the deployment of a
USV are reducing worker shortages by increasing the effi-
ciency. If these benefits are not provided, an USV could not
be economically viable for the Port of Rotterdam.
When desirability, viability and feasibility are balanced, the
”sweet spot for innovation” can be found (Figure 25).

Figure 25: The balance of viability, desirability and feasibility
leads to successful innovation
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Figure 26: Requirements for the final design, identified through interviews, literature research, trend analysis, and contextual research.
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7.3 Method
During the process, I obtained user insights from context
visits, identified trends through a PESTEL analysis, and col-
lected expectations and requirements for an USV from in-
terviews with end users in the ecosystem. To base a final
design of these insights, I made use of the value proposition
canvas (Strategyzer, 2025). The value proposition canvas
can be used to match user needs with solutions in order to
create value for end users. First, I created insight cards from
the context study and the interviews in Miro. I then used
these insight cards to fill in a value proposition canvas for
each group, which can be found in Appendix G. From this,
several ways to alleviate the pains that workers currently ex-
perience emerged. However, many examples also surfaced
where the implementation of a USV could make the work
more challenging. Below, I will delve deeper into how an
USV could impact the work of each group.

7.4 Results

7.4.1 Skippers

Figure 27 illustrates the benefits, risks, and possible risk mit-
igations of an USV, based on knowledge of their current
work. It became apparent from observations that skippers
can experience surveying long, quiet stretches as boring. An
USV could take over this task and alleviate that ”pain.” Inter-
views also revealed that these areas are particularly suitable
for USV implementation.
However, there is a risk: participants indicated that they find
human oversight of the USV important. Supervising a USV
that surveys long stretches is likely even more tedious than
doing the task manually. A possible mitigation is for the sur-
veyor, who is already monitoring the measurements, to also

keep an eye on the USV’s tracks. The remote skipper would
then remain responsible for communication with the VTS.
Whether this is a viable solution or places too much pres-
sure on the surveyor needs further investigation, as I would
like to avoid stretching operational system too much (Brad-
shaw et al., 2013). Surveyors mentioned in interviews that
they prefer to avoid multitasking, but when the environment
is calm, this might be different.
Another insight from skippers was that they prefer working
in the field. A major risk of implementing an USV is that a
skipper would have to work from an office. While this risk
cannot be entirely avoided in the case of remote control, it
could be mitigated by alternating remote control with physi-
cal navigation in a hybrid setup. This could also help prevent
skill degradation by up keeping manual control skills (Bain-
bridge, 1983).
Additionally, it became clear that skippers experience sur-
veying in busy areas as intense. During observations, visi-
ble frustration arose when a skipper had to abort a measure-
ment due to incoming traffic. A potential issue with the USV
is that it would primarily survey in quiet areas, as indicated
by interview participants. This would mean that human op-
erators would be responsible for survey work in busy areas,
as the USV would not be capable of handling these situa-
tions. As a result, the more complex tasks would remain
with human workers. This aligns with one of the ironies of
automation described by (Bainbridge, 1983). The final de-
sign aims to address this by deploying the USV when the
port area is less busy. However, especially in the beginning,
this will not always work seamlessly or be possible. Over
time, the frequency of having to survey at busy intersections
would be reduced as the USV becomes capable of survey-
ing these intersections during periods of low traffic density.
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Figure 27: Benefits and risks based on user insights on skippers

7.4.2 Surveyors

The insights regarding surveyors, along with the associated
risks and benefits, are shown below in Figure 28.
Surveyors expressed frustration with equipment failures and
long repair times. A potential risk of implementing a USV
is that the likelihood of technical malfunctions, especially in
the early stages, may increase. This could be mitigated by
fostering close collaboration between employees and tech-
nology providers, ensuring that technical issues are resolved
quickly and effectively.

Additionally, surveyors find it problematic when prop wash
interferes with measurements. Prop wash is caused by
crossing traffic and frequently occurs at busy intersections.
A risk of implementing the USV, besides the fact that, in the
beginning, it may not yet be capable of avoiding prop wash
on its own, is that surveyors might have to conduct more
measurements at busy intersections because the USV is not
yet able to do so. To prevent the same issue that arises for
skippers, the USV must be capable of surveying busy areas
during quiet periods.
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Figure 28: Benefits and risks based on user insights on Surveyors

7.4.3 VTS operators

The insights regarding VTS operators, along with the asso-
ciated risks and benefits, are shown in Figure 29. VTS oper-
ators indicated that they often experience both overload and
underload during their work, as traffic conditions can change
rapidly. However, they also noted that some areas are fre-
quently quiet, and at certain times, traffic remains low for
extended periods. A potential risk of deploying a USV is that
it could add an extra burden to VTS operators by requiring
them to warn other vessels about its presence. This issue
could be mitigated by deploying the USV during low-traffic
periods, ensuring that it does not contribute to workload
peaks. Many insights from observations with VTS operators
were related to their limited insights on destinations of ves-
sels. They mentioned that information was sometimes out-
dated or inaccurate and expressed a need for more insight
into survey operations. Additionally, during shift handovers,

some traffic information can be lost. These issues could be
alleviated if the USV shared its planned tracks live with VTS.
However, a potential risk is that this could clutter the VTS
operators’ visual overview. VTS operators also emphasized
the importance of fast and efficient communication, prefer-
ring to minimize repetition. This could be improved by visu-
ally sharing the USV’s planned tracks, eliminating the need
for VTS operators to repeatedly request the USV’s intended
location. Additionally, the need to repeat communications
could be reduced if other vessels also had access to the
USV’s planned track. However, it is important to note that
VTS operators prefer to receive confirmation from a vessel
that the information has been acknowledged. This could be-
come more challenging with an autonomous USV if there is
no direct supervision. Currently, there are no clear guide-
lines for digital VTS communication. As a result, for now, a
human skipper will need to continue handling communica-
tion with VTS.
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Figure 29: Benefits and risks based on user insights on VTS operators
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7.5 Key insights
An often reoccurring value that could release pains of both
surveyors, skippers and VTS operators was a more tacti-
cal deployment of survey vessels when traffic density is low
(Figure 30).
This could be made possible by gaining better insight into
current traffic situations and by having more flexibility in de-
ploying survey equipment. Better insight into traffic situa-
tions could result from increased collaboration between VTS

operators, skippers, and surveyors during working groups
on the implementation of an USV. Additionally, the planned
tracks of the autonomous survey USV could be shared with
VTS operators and other vessel traffic. This would enhance
mutual understanding and allow VTS operators to anticipate
traffic situations more effectively. More flexibility could be
achieved through the use of remote control, which would
eliminate the need for workers to physically travel to the sur-
vey vessel.

Figure 30: More tactical deployment of survey vessels
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7.6 Conclusion
In this chapter, opportunities for a worker-technology fit were
explored. At the beginning of the chapter, I discussed the
importance of feasibility, desirability, and viability in creating
a sustainable design. I then presented design requirements
based on trend research, literature review, context analysis,
and interviews. These requirements outline the minimum
criteria a design must meet to be desirable, feasible, and
viable.
Next, I explored opportunities for value creation based on in-
sights into the current work of skippers, surveyors, and VTS
operators. To do this, I documented insights from both the
context research and interviews on insight cards. These in-
sight cards were then used to complete the value proposition
canvas for each group.
During this analysis, it became clear that the USV also had
the potential to destroy value or negatively impact current
work processes. These risks were identified, and strategies
to mitigate them were proposed. The most valuable oppor-

tunity to both add value and reduce risks was deploying the
USV at busy intersections, ideally during low-traffic periods.
Additionally, for VTS operators, the ability to view the USV’s
planned tracks could provide value.

7.7 Next steps
From the scenarios in chapter 6 it became clear that an USV
itself for surveying offers little advantage over the current
survey vessel. The main operational advantage of an USV in
the port is the possibility for more flexible deployment, which
allows for surveying at quieter times. This would relieve the
burden of surveying in high traffic environments for skippers
and surveyors and help with over- and underload with VTS
operators.
Therefore, I will design a system of human roles and USVs
that will allow for a more flexible deployment of survey equip-
ment, making it possible to survey on times in which there is
less vessel traffic by 2035. This scenario should be in line
with the design requirements presented in Figure 26.
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8 Final design
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8.1 Introduction
In this chapter, a possible scenario will be presented based
on the opportunities for value creation and the requirements
established in Chapter 7. Alongside the scenario, high level
guidelines are presented that could be used during the im-
plementation based on insights from interviews with work-
ers. Finally the design and guidelines are validated with
members from the innovation department.

8.2 Final scenario
A remote control scenario was chosen to allow future scala-
bility and flexibility. A remote skipper is responsible for over-
seeing the USV and communication with the VTS and a sur-
veyor is responsible for the measurement quality. Traditional
survey operations will also continue to be carried out in par-
allel. The reason for choosing this hybrid approach, in which
the current working method is combined with a fully remotely
controlled USV, is based on the fact that skippers have ex-
pressed a preference for also working in the field. Addi-
tionally, interviews revealed that people need time to adapt
to technological changes, making this the most logical sce-
nario for now. According to (Hynnekleiv & Lützhöft, 2022) it
is important to allow for a trust based relationship to grow be-
tween technology and human operators. It is also important
for human operators to have a full understanding of system

capabilities and limitations to prevent over or under trust in
the technology (Hynnekleiv & Lützhöft, 2022)(Calvert et al.,
2024).
In the beginning it is important to grow get a feel for the
technology in a safe to fail environment. Workers also em-
phasized the need for physical presence, in case of system
failure. As many places in the port are not accessible by
trailer, an conventional survey ship will tug the USV towards
a survey location. However the remote skipper and surveyor
will not be present at the survey ship. The remote skipper
and surveyor will independently carry out surveys with the
USV, but the conventional vessel will also be carrying out
surveys in a nearby area. In case of system failure and at
the end of the survey, the conventional survey vessel can
pick up the USV. In order to achieve this, quick communica-
tion between the remote team and the physical team must
be ensured. This might also require some extra planning
beforehand. The remote team and the physical team must
switch sides frequently, to experience working with the re-
trieval of the vessel and with remote control. For VTS op-
erators, tests could begin by visually presenting planned
USV tracks. In order to get more insight in when, where
and for how long VTS operators experience underload dur-
ing their work, a close collaboration between the surveyors
and skippers testing the USV and VTS operators willing to
think along in the implementation must be established. A
visualization of the scenario is shown in Figure 31.
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Figure 31: Hybrid scenario with physical human presence
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If there is enough trust and understanding in the system to
be self sufficient in case of a lost connection (which can hap-
pen frequently in the port), test with full remote control can
start. This does require, remote docking and barging to be
efficient. If this is successful, or if remote operators experi-

ence to much boredom due to monitoring the system, there
could be try outs with multiple USVs. However, this should
be up to the remote skipper and surveyor, as multitasking is
currently undesired. A visualization of this scenario is shown
in Figure 32.

Figure 32: Hybrid scenario without physical human presence
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If there is enough trust and understanding in the system to
conduct unsupervised surveys, and achieve sufficient mea-
surement quality, the USV(s) could be deployed around the
clock. A surveyor could check the data afterwards remotely.
The downside of operating, for example, at night is that no
remote operator would be able to monitor the USV or ensure
the quality of the measurements. However, a VTS operator
would always be present to oversee the sector, though they

are not intended to be responsible for the USV. They would
warn other traffic about the USV’s presence. The port au-
thority has initiated a digital VTS program this year, which
aims to establish guidelines for digital communication. The
USV would need backup systems and should be capable
of handling unexpected situations independently while also
maintaining communication with VTS operators. A visual-
ization of this scenario is shown in Figure 33.

Figure 33: Hybrid scenario without physical human presence
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An overview for the implementation is shown in Figure 34.

Figure 34: Implementation guide for USV
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During the implementation, it is important that the follow-
ing requirements that VTS operators, skippers and survey-
ors stated during the interview are met (figure 35)

Figure 35: Workers requirements of the implementation of
USVs

8.3 Validation
The project outcomes and guidebook were validated in one-
on-one sessions with members of the innovation team.
The purpose of these sessions was to determine whether
the outcomes were valuable and if the approach is desir-
able, feasible, and viable for application in the early stages
of automation projects in the port area.

8.3.1 Method

I will validate the guidelines and outcomes with different
members from the innovation department through semi-
structured interviews. Some members were involved with
autonomous shipping, however this was not considered to
be a requirement to participate in the validation, as they
could encounter future automation related projects in their
career. Table 5 shows the participants that have been inter-
viewed and their titles.

Participant Title
P1 Innovation lead
P2 Program manager
P3 Innovation lead
P4 Program manager

Table 5: Overview of participants

First, I wanted to validate the desirability of the results for the
innovation department. In order to achieve this, I brought
printed versions of the two future scenarios (Figure 21 and
Figure 22) I had showed to participants of the interview study
as well. I then asked the participant to write down what they
would expect the advantages and disadvantages of each
scenario to be from the perspectives of VTS operators, skip-
pers, and surveyors. Additionally, I asked them to list what
they thought surveyors, skippers, and VTS operators would
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consider essential requirements for an USV in the port area.
The reason for this was to reflect on how the insights from
the study would be novel to the members of the innovation
department.
Next, I shared the research findings and examined how well
they aligned with the participant’s expectations. This was
followed by an open discussion with each participant, in
which I explained the results in more detail. Afterward, I
presented the final scenarios and assessed whether the in-
novation team members found these useful.
After this, I presented the guidebook that could be followed
to achieve these results. Even if the outcomes are consid-
ered desirable, it is also important to assess whether the
process used to obtain them is feasible and viable for prac-
tical implementation.
During the validation sessions, physical notes were taken.
To analyse the insights, the notes were put into Miro and
clustered based on meaning. This process is shown in Fig-
ure 36.

Figure 36: High level overview of the data analysis of the
validation sessions
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8.3.2 Results

Results related to project outcome

When presenting the scenarios, some participants ques-
tioned why VTS operators were involved in the scenario, as
they were not considered relevant stakeholders since they
are not direct end users of the USV. There were also ques-
tions about why other ships were included in the scenarios.
Participants thought that the skipper would feel useless in
the mothership scenario because a second boat would be
deployed. Their expectations were that the surveyor would
have a positive attitude toward the USV, as it would provide
more data, allowing for better analyses. They expected that
the VTS operators would be sceptical about the amount of
work involved, as it would likely result in additional commu-
nication rather than added value.
Regarding the full remote control scenario, members of the
innovation team expected the following reactions from work-
ers: They expected that skippers would be more positive
about this setup since their work would remain the same but
be organized differently, preventing them from feeling use-
less. A potential drawback they anticipated was that the
skipper would not be able to work on the water. They ex-
pected that surveyors would view this scenario positively, as
remote control could improve the speed of data collection.
For VTS operators, they expected this scenario to be more
favourable as well, as it would establish a direct communi-
cation line.
From this, it became clear that the research provided new
insights for members of the innovation department. Some
insights, such as the skippers’ preference for working on
the water, were expected, but practical insights, such as the
need for VTS operators to gain more visibility into the work-
ing area of survey ships, were new.
Members stated that the findings from following the guide-

lines were novel to them and important to consider dur-
ing the implementation of the USV, as the needs of end
users must be taken into account. Regarding the final de-
sign, members of the innovation department raised ques-
tions about what times the port could be quieter, given that
the port operates 24/7, unlike a highway.
In the final scenario, it was mentioned that the additional
surveyor might no longer be needed to validate the data, as
this could be automated. An alternative implementation se-
quence was proposed in which the uploading and validation
of measurement data would first be automated, followed by
the deployment of the USV.
Furthermore, the first scenario of the final design received
feedback. The hybrid use of the survey vessel and the drone
could potentially create an additional burden for the survey-
ors physically present on the ship. It was suggested that, if
this turned out to be the case, the issue could be resolved
by using a completely separate vessel for the USV or by
transporting the USV to the survey location by car during
the initial phase.

Results related to guidebook

Members of the innovation team saw no reason not to refer
to the guidelines when starting an automation project. Rea-
sons for using the guidelines were that they outline step by
step what needs to be investigated to determine desirabil-
ity. As an improvement, they suggested that, in addition to
desirability, they would also like to gain insights into feasi-
bility and viability, as this aspect was currently lacking. The
business model canvas was mentioned to achieve this.
Additionally, it was noted that the guidebook was theoretical.
It was unclear from the guidebook who the intended user is.
One suggestion to make the guidebook more practical was
to include prompting questions.
Furthermore, there appeared to be confusion around the
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meaning of automation, autonomous navigation, and robo-
tization. Participants held different definitions, which led to
confusion when interpreting the approach. For example, the
implementation of a USV was seen by some as robotization,
which they believed would lead to a fully autonomous port.
According to others, automation referred more to the simpli-
fication of processes, the support of human work, and was
more digital in nature. Still, there was uncertainty among
other participants about the level of autonomy of the USV.
It was noted that the USV was not fully autonomous, but
rather a hybrid form, as full autonomy in a specific oper-
ational domain would mean no human involvement at all.
These varying interpretations of automation or autonomous
technologies among innovation team members could lead to
miscommunication when using the guidebook.
For participants who had not previously been involved in the
project, the visuals of the scenarios were unclear. Com-
ments were made suggesting that a legend should be
added, as the diagrams were otherwise difficult to under-
stand. It was also confusing that the operator of the survey
vessel was referred to as “skipper,” while operators of other
ships were also called “skipper.” Additionally, one participant
misunderstood the social network map, thinking it referred
to digital data flows rather than the execution of survey mea-

surements.

8.4 Conclusion and limitations
In this chapter a final design for a future scenario alongside
implementation guidelines according to insights from inter-
views with workers. The final design includes a hybrid sce-
nario in which a remote controlled USV with autonomous
functions is deployed with the regular survey vessel. The
main advantage of the USV would eventually be a more flex-
ible deployment of survey equipment which should make it
possible to survey at more strategic times when vessel traffic
is low. However in order for this to be achieved, auto docking
will need to be developed and further research will need to
be done to determine which locations are usually quiet on
what times. This will have to be done in close collaboration
with VTS operators as the USV should be deployed when
they experience under load.
Finally the results are validated with members from the inno-
vation department. From this it became clear that following
the guidelines has brought new and valuable insights about
the attitudes and experiences of VTS operators, skippers
and surveyors on implementation of a USV. An overview of
the insights can be found in table 6.
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Feedback type Feedback related to project outcome Feedback related to guidebook

Positive feedback
• Research resulted in novel and tangible in-

sights.
• Guidebook was seen as useful for exploring

desirability.

• Provides a clear step-by-step approach to
identify what should be investigated.

Improvements
• Concerns about feasibility due to 24/7 port

operations.

• Suggestion to automate easier tasks first,
like data upload/checks.

• Independent testing proposed instead of hy-
brid use.

• Lacks tools for assessing business viability.

• Unclear target audience.

• Scenario visuals unclear.

• Terminology caused confusion.

Table 6: Feedback on project outcome and guidebook

A major limitation of the study was that, for some participants
who were not directly involved in the project, the guidelines
were not immediately clear. As a result, much of the feed-
back was based on misunderstandings and could not be
used.
Additionally, a significant part of the conversations focused
on explaining the terminology used, as participants often
attached different meanings and interpretations to these
terms, which caused further confusion.

Moreover, I did not send the guidebook to participants in
advance, and each validation session lasted approximately
one hour. This meant there was not enough time for partici-
pants to thoroughly read through the guidebook.
Based on the feedback of members of the innovation de-
partment, the guidebook went through a final iteration. In
this iteration, a clear definition of automation was included, a
target audience was defined and prompting questions were
added.
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9 Discussion
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9.1 Introduction
In this chapter a summary of insights will be given. After
this, the academic and practical contribution of the project
will be highlighted. I will also discuss the generalizability of
the study, go over limitations and finally discuss future re-
search directions.

9.2 Summary of insights

9.2.1 Analysis of the macro environment

A PESTEL analysis was conducted to get a complete picture
of the factors influencing the adoption of autonomous ship-
ping. This analysis shows the following: Efforts are being
made to regulate autonomous shipping and digital VTS com-
munication. From 2025, crewless navigation will be allowed
in the Netherlands, likely accelerating the development of
unmanned surface vessels (USVs). Technological advance-
ments in autonomous shipping are moving fast. Many ini-
tiatives demonstrate that autonomous shipping is becoming
a reality, for example the use of shore control centers. At
the same time, there are (cyber)security risks, such as AIS
and GPS spoofing. From a socio-demographic perspective,
there is a labour shortage in the Netherlands. This can be
seen as an opportunity for autonomous shipping, as it can
contribute to more efficient operations. However, a potential
barrier to adopting (semi-)autonomous vessels is the con-
servative nature of the maritime sector.

9.2.2 Literature research

Previous research shows ”automation pitfalls” that can re-
sult in harmful outcomes, including reduced job satisfaction.
These pitfalls are: The false idea that automation substitutes
human work, an overemphasis on technology, and a discon-
nect between designers and workers.

When automation is adapted to a real world context, there
are several factors that influence whether or not people ac-
cept the new technology. These factors are the perceived
necessity, perceived risk and perceived benefits of the tech-
nology.
For complex and unpredictable environments like ports, a
collaborative relationship between humans and ships with
autonomous functions is desired over fully autonomous
ships. As autonomous ships become more widely imple-
mented, the literature expects a shift from offshore to on-
shore work in which autonomous ships will be remote con-
trolled or monitored from shore control centers. In this transi-
tion, operators’ work is expected to shift from an active role
to a backup role. In this shift it is important to take some
direct factors into account, like situational awareness, en-
gagement and trust that need to be taken into account. If
these factors are not managed well, undesirable effects like
job dissatisfaction and dangerous situations could arise. Be-
sides direct factors, autonomous shipping also leads to rip-
ple effects on its environment.
To avoid the pitfalls mentioned above, workers should be in-
cluded early on, collaboration with workers should be priori-
tised over the substitution of workers and the impact of the
technology on the broader context and social relations need
to be considered. Multiple methods, like human-centered
design and participatory design are mentioned to integrate
human operators in the design process. To realize these
methods effectively it is important to involve users early in
the design process and to take into account ripple effects.
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9.2.3 Identify key workers in the current process and
understand the broadness of their work

A social network map of the broader ecosystem in which
hydrographic survey operations take place was created. In
this ecosystem, the skipper and surveyor have verbal com-
munication with each other and communication through the
interface of the survey software. The skipper sees other
ships on the radar, navigational maps and through visual
sight. He also hears other skippers talk through the VHF
channel, but does not communicate directly with the other
ships. Communication about incoming traffic, destinations
and special manoeuvrers is done through the VTS opera-
tor of the sector. VTS operators are constantly anticipating
situations in which ships could come into conflict. In order
to be able to predict the situation properly, the VTS opera-
tor needs to have reliable information on the destination of
each ship and the confirmation from skippers that they have
understood his instructions, which is often lacking. The VTS
operator is in contact with the skipper through the VHF. Sur-
vey vessels are also marked as blue to not lose them out of
sight, which can occur in hectic situations. The skipper of
the survey vessel is responsible for navigation and complete
coverage of the area that is to be surveyed. Because sur-
vey ships sail against the usual flow of traffic, it is important
to stay alert for upcoming ships. If a ship is approaching,
the survey work must be broken of and continued when the
water is calm again. The work is experienced as intense at
busy intersections with a lot of vessel traffic. The skipper is
working closely together with the surveyor, which is present
at the same ship. The surveyor is responsible for the quality
of the measurements and decides what parts of the port are
measured during the week, according to the ship planning.
The surveyor dislikes it when issues with the data occur.

9.2.4 Understand workers expectations of automation

During the interviews, specific characteristics of the port
area were mentioned, such as traffic density and complexity.
It was also suspected that the implementation of a USV
would change the work, with both positive and negative ef-
fects expected, depending on the scenario.
Additionally, Participants express concerns about the imple-
mentation of a USV related to limited benefits, the need for
additional personnel, stability, traffic density, regulations, re-
duced control, and communication issues. At the same time,
USVs could offer advantages such as compact size, better
accessibility, and increased efficiency.
Finally, participants outline the requirements USVs must
meet to operate effectively in the port. These include a cer-
tain degree of autonomy, a clear visibility for other traffic,
clear communication, sufficient situational awareness with
remote control, sufficient battery life, the importance of phys-
ical presence and a calm operating area.
For the Implementation participants voiced the need for col-
laboration, organizational culture, and a phased approach.

9.2.5 Explore worker-technology fit

From the value proposition canvas, it became clear that a
hybrid scenario is necessary to allow skippers to also work
in the field. Additionally, it is important that workers closely
collaborate with development teams to quickly resolve tech-
nical issues with the USV. Since there is currently no digital
VTS, a human skipper must remain in direct contact with a
VTS operator for now. Here, communication delays must be
prevented. A potential advantage for VTS operators is that
the USV could share its tracks in the future, but to make this
effective. The USV must also be able to operate in areas
with high traffic density. One way to achieve this is by lever-
aging the flexibility of remote control, ensuring that the USV
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is deployed in these areas only when vessel traffic is low.
This would prevent VTS operators from being overloaded
by the USV during peak times. It would also ensure that
skippers do not have to conduct surveys mainly in busy ar-
eas because the USV cannot do so, and that surveyors do
not receive poor-quality data due to prop wash disturbances
from other vessels.

9.2.6 Final design

The implementation of USVs in the port will follow a hybrid
approach. Which will combine remote operation with phys-
ical human presence. This phased transition aligns with
stakeholder preferences to work in the field and to have
physical oversight. It also allows for gradually building trust
and understanding of the capabilities and limitations of the
USV. In the initial phase, a remote skipper will oversee the
USV and handle communication with VTS, while a remote
surveyor ensures measurement quality. Traditional survey
vessels will continue to operate alongside the USVs to keep
physical presence in case of emergencies and to trans-
port the USV. Effective communication between remote and
physical teams is essential. And frequent role-switching is
desired. As confidence and understanding of the system
grows, full remote control tests can begin. In a further sce-
nario, USVs could operate round-the-clock without direct hu-
man oversight. To achieve a successful transition, respon-
sibilities and tasks must be clearly defined, workers must
be prepared for working with the USV and, workers must be
given time and space to adapt and workers must be involved
in the development of the USVs.
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9.3 Contribution
The research has an academic contribution, as well as a
practical contribution.

9.3.1 Academic contribution

Contribution to human-centered design research

This study contributes to academic literature on human-
centered automation by providing a four step approach to
including worker perspectives in automation projects from
the start. By doing this, it contributes to the current under-
standing of how human-centered design methods can be
operationalized in complex, multi-stakeholder environments
like ports. Another academic contribution is the use of spec-
ulative scenarios to understand workers expectations about
the future of work. By doing this, the study provides an
example of how speculative design can serve to uncover
expectations and experiences while doing design research
By doing field observations and using these insights to un-
cover potential value creation for workers, the study demon-
strates how contextual knowledge of work can guide design
decisions in multi stakeholder systems. Lastly, the thesis
contributes on how technological or business ambitions are
to be balanced with workers needs.

Contribution to human computer interaction research

The thesis provides a practical example of what human-
robot collaboration can look like in a real-world, multi-
stakeholder context. For example, the study provides insight
into how workers, a group often under-represented in the de-
velopment of autonomous technologies, perceive the value,
risks, and trade-offs of USVs. Additionally, the thesis con-
tributes empirical insights by exploring what workers expect

from automation before it is implemented. Whereas previ-
ous studies mostly looked at the effects of automation after
deployment, this study shows how workers anticipate its im-
pact during the early stages. This is particularly relevant
for socio-technical design, where human needs must be ex-
plored alongside technological development. It also shows
how robots like USVs need to adapt to existing human work,
highlighting the requirements for integrating automation into
existing socio-technical environments.

9.3.2 Practical contribution

The innovation team has gained insight into how the nega-
tive consequences of automation on the broader ecosystem
and the quality of human work can be avoided. At the same
time, it has become clear how automation can actually add
value for key actors within the ecosystem, such as skippers,
surveyors, and VTS operators, by addressing the challenges
they face in their work.
In addition, the innovation team has developed a better un-
derstanding of what workers consider important for an USV
to operate successfully in the port area. These insights are
based on interviews with workers who have hands-on ex-
perience in this work environment. There is also a clearer
picture of what they find important when implementing au-
tomation.
To ensure that this approach can be replicated in the future,
the innovation team has received a guidebook with a con-
crete approach. The guidebook offers a practical translation
of human-centered design principles that can guide innova-
tion teams at the start of automation projects. This will en-
able them to consider workers perspectives and the effects
of automation on the broader context.
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9.4 Generalizability
The findings of this research are relevant for organizations
looking to automate in complex, multi-stakeholder environ-
ments such as ports.
The approach is applicable in the early stages of an automa-
tion project when automation seems desirable and may even
be seen as an end goal. This is especially relevant if au-
tomation has not yet been implemented in the specific con-
text and the technology to automate the process is available
but may not yet be fully developed.

9.5 Limitations
Due to time constraints, it was not possible to fully immerse
in the work of the involved professionals. Observations were
limited to a single day or afternoon, and there was no oppor-
tunity to collaborate further with users and the innovation
team in a joint session, even though this could have been
highly valuable. Additionally, only a limited number of peo-
ple could be interviewed, not only due to time constraints but
also because there were few available respondents. Hydro-
graphic surveying is a niche field, which meant that finding
interview participants was challenging.
As a designer, I had a bias during the interviews and ob-
servations, partly because I knew in advance that my re-
search would focus on automation. For this reason, I find it
important to emphasize that it is always crucial to critically
assess whether automation is truly necessary in a specific
context. This is especially relevant because, in this case,
the perceived value of automation was primarily in mitigat-
ing potential negative impacts on work rather than in direct
improvements.
Additionally, at times, the research felt like a ‘technology
push.’ Initially, I conducted trend research, which led me to
discover that an USV would likely be implemented. Based

on this, I developed scenarios that incorporated this USV.
As a result, it felt as though the technology was once again
placed at the center, and the human roles were designed
around it, which sometimes felt somewhat misaligned.
No official expert interviews were conducted, as the focus
of this research was on incorporating the perspectives of
human workers in the early stages of automation projects.
However, involving more experts could have been beneficial
in gaining a better understanding of the actual feasibility of
USVs. Consequently, the final scenario may not fully reflect
the technical and practical feasibility of USVs.
Finally, the research consisted of a single case study within
the port area. As a result, the generalizability of the study is
limited.

9.5.1 Reflection on project approach

To arrive at the final scenarios, I followed a four-step pro-
cess. Afterwards, I documented these steps as a project
approach and developed them into a guidebook. In this re-
flection, I will discuss how I arrived at these steps and how
things could have been done differently. According to val-
idation sessions with members of the innovation team, the
guidelines could be made more practical by adding probing
questions. Additionally, by incorporating the Business Model
Canvas, the approach could consider not only desirability
but also viability.
In the first step, I could have chosen a more methodical ap-
proach to identifying stakeholders. There are several meth-
ods available to assess which stakeholders are most af-
fected by the change and which hold significant influence
or opinion. This is a crucial step that I primarily carried out
based on intuition. A more structured approach would have
benefited both my own process and the applicability of the
guidebook. Furthermore, I did not investigate what effect in-
volving other stakeholders might have had on the outcomes.
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In the second step, I visited workers. In practice, this step
overlapped with the first, as I validated my information flow
with the workers during these visits. At the same time, I ob-
served their work. While this yielded many insights, it did not
provide the depth of understanding that could be achieved
by shadowing workers over multiple full workdays. As a re-
sult, the findings may still present a simplified version of their
actual work. During validation, I sent my results to partici-
pants. Although they confirmed the accuracy of the findings,
they also noted that it did not yet fully capture the complete
picture of their work. It would be interesting to shadow work-
ers over a longer period to gain deeper insights.
Additionally, I chose to use journey mapping to present the
results. However, other methods could also have been used,
such as personas. I have not yet explored these alternatives
within my research.
In the interviews, I aimed to uncover workers’ expectations
of automation using fictional scenarios. In the literature, ex-
ploring workers’ expectations of automation is not explicitly
described as a formal method. While the interviews did re-
veal expectations, they did not lead to a co-created vision
of a desired future with the workers. This could be a valu-
able method to try. Moreover, the scenarios I created may
have been too guiding. For example, many comments were
about the size of the USV. In the scenarios, it was depicted
as fairly small, although this does not necessarily have to be
the case.
In the fourth step, I looked at how value creation could be
added or taken away through the implementation of a USV.
To do this, I used parts of the value proposition canvas.
However, there are other approaches that could have been
used as well, such as a future wheel workshop. Due to time
constraints, I carried out this step on my own, while it could
have been very valuable to do this together with workers.
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9.6 Future research directions
It would be interesting to validate the final scenario not only
with the innovation team but also with technology providers,
experts, and workers. Based on their insights, an additional
iteration could be conducted, followed by pilot tests to further
assess practical applicability.
This project specifically focuses on the early phase of au-
tomation projects. A valuable next step would be to explore

in a long term study how workers’ perspectives can be incor-
porated throughout all phases of a project and which meth-
ods are most suitable for each phase.
Additionally, it would be interesting to apply the approach
to other complex multi stakeholder environments, such as
large airports. This would not only help address the limited
generalizability of the current findings but also refine and
expand the approach based on new insights from different
sectors.
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10 Conclusion
The aim of this thesis was to explore how a human-centered
transition to a more automated work environment can be en-
sured at the start of automation projects. To investigate this,
a case study was conducted in a major Dutch seaport. In
this port, the transition towards a more automated work en-
vironment is planned but has not yet taken shape.
According to the literature, several pitfalls can hinder suc-
cessful automation. First, automation is often perceived as
a substitute for human work, leading designers to overlook
how automation impacts the overall functioning of the sys-
tem and neglect human factors in the design process. How-
ever, in practice, human work will always coexist with au-
tomation. Second, there is often too much focus on techni-
cal aspects, which causes the broader implications for the
surrounding environment to be ignored and results in a fail-
ure to design for human work. Third, there is a gap between
designers and workers, leading to an oversimplified under-
standing of human work and the implementation of technolo-

gies that do not align with workers’ needs.
To address these issues, workers must be involved in the
design process from the beginning through human-centered
design methods. Additionally, the broader implications of
automation must be understood.
This thesis translates these principles into an approach con-
sisting of four practical steps and applies them to the case
study. First, the ecosystem and information flows must be
mapped out. Next, designers must gain an understanding
of the full scope of human work through context research.
Then, workers’ expectations regarding automation in their
specific context must be explored, which can be achieved
through interviews and the presentation of fictional future
scenarios. Finally, research should be conducted to deter-
mine how automation can add value for workers compared
to their current tasks. The value proposition canvas serves
as a valuable tool to visualize this value creation.
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In this appendix, the initial (anonymous) stakeholder maps can be found.

Figure 37: Initial stakeholder map of hydrographic survey operations
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Figure 38: Initial stakeholder map employees from the port involved with autonomous shipping
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Hydrographic surveying

Hydrographic surveying is a process in which the ports’s
seabed is mapped. Based on this information, it can be de-
termined whether the port needs dredging.
In total, the port authority has three survey vessels, one of
which is owned by an external skipper who has been carry-
ing out survey tasks for the port authority for several years.
Pictures of a survey vessel can be seen in Figure 39. The
survey work is divided into two sections of the port. In the
port, 500km2 are surveyed every year through +/- 1500 in-
dividual surveys (Port of Rotterdam, 2024c).
One survey vessel is stationed at Maasvlakte and operates
from Maassluis to the sea, while the second survey vessel
is stationed at Botlek and operates from Maassluis to the
Brienenoord Bridge. The area where the survey tasks are
carried out is partially monitored by two VTS centers. One
center is located at Hoek van Holland, and the other is at
Botlek.

Figure 39: Survey vessel out of the water from different an-
gles

Types of surveywork The survey work is divided into 3
types of tasks: Depth measurements (Snoek, 2024c), den-
sity measurements (Snoek, 2024a), and flow measurements

(van Reenen & Rotsaert, 2024).
These tasks have varying levels of priority and are organized
into the weekly schedule called the ”shipplanning”. In this
schedule, periodic surveys 40 (which are based on the silta-
tion rates of specific areas) and special tasks are combined
by a scheduler. The surveyors must complete the weekly
schedule by the end of the week.

Figure 40: Frequencies of surveyed areas in the port. Taken
from (Port of Rotterdam, 2024c)

At the beginning of the week, the empty berths of ships are
sounded. Later in the week, the berths can be re checked
to see if previously occupied places are now empty. Some
critical locations are sounded at a frequency of once every
two weeks. It may also be the case that the surveyors are
called upon by the duty officer in the event of an emergency.
Furthermore, the soundings are dependent on the water
level. Shallow harbors are only surveyed at high tide. The
banks are sounded using both a laser and a multibeam. At
high tide, the survey vessel sails along the bank, and the
bottom is mapped using the multibeam. Then, at low tide,
the vessel sails along the bank again to map the part that is
above water using a laser.
There are other tasks carried out by the survey vessels and
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their crew, there may be salt measurements, current mea-
surements, and silt measurements. Finally, the vessel may
be used for sounding to detect potential damage or for sur-
veying before, during, and after construction projects. Fi-
nally there are quality control tasks that need to be done:
The depth needs to be checked every year in the lock (which
has fixed depth) and the multibeam needs to be calibrated
every three months.
Measurement Equipment and Software
Various types of equipment and software are used to con-
duct the measurements. For each depth measurement, a
sound profile must be taken with the sound velocity pro-
filer (SVP). This measurement should be repeated approxi-
mately every hour or whenever the survey area is more than
one kilometre away from the previous measurement (Port of
Rotterdam, 2024c)(Snoek, 2024c).
A key measuring instrument is the multibeam, which is
mounted at the front of the ship. The multibeam is used
for depth measurements and calculates the distance to the
seabed using sound waves (Snoek, 2024c). This is done in
a two-dimensional line. An image of the multibeam is shown
in Figure 41.

Figure 41: Multibeam at the bottom of the ship. Taken from
(Port of Rotterdam, 2024c)

For depth measurement, the positioning of the ship is also
important. There are various global navigation satellite sys-
tems (GNSS) with increasing levels of accuracy. Standard
GNSS does not provide vertical positioning and has an ac-
curacy of five meter. Differential GPS (DGPS) has a hori-
zontal accuracy of one meter and also lacks vertical posi-
tioning. The most accurate satellite system is GNSS with a
virtual reference system (VRS), which provides the highest
accuracy with vertical positioning accuracy of less than 0.02
meter (Port of Rotterdam, 2024c).
Additionally, it is important to compensate for the ship’s
movements during measurements. For this purpose, each
survey ship is equipped with a motion sensor that mea-
sures the roll, pitch, heave, and heading of the ship and
can compensate for these movements (Port of Rotterdam,
2024c). The motion sensor and the parameters it measures
are shown in Figure 42
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Figure 42: Motion sensor. Taken from (Port of Rotterdam,
2024c)

The survey vessels are also equipped with a Riegl laser
scanner mounted on the mast of the vessel. This laser
scanner is used for three-dimensional measurements above
the water surface, such as constructions and embankments
(Port of Rotterdam, 2024c). Sample measurements from the
laser scanner were found in the document analysis and are
shown in Figure 43.

Figure 43: Laser data. Taken from (Port of Rotterdam,
2024c)

Qinsy is software used for data acquisition. Qinsy en-
ables the collection and processing of spatial data, inte-
grating inputs from various sensors (Port of Rotterdam,
2024c)(Snoek, 2024c). A visualization of a survey in Qinsy
is shown in Figure 44.
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Figure 44: Qinsy software. Taken from (Port of Rotterdam,
2024c)

Autoclean is a software program used to clean raw data.
A large portion of the data can be cleaned using filters in
the program, while the remaining parts must be manually
checked (Port of Rotterdam, 2024c). A visualization of the
Autoclean program can be found in Figure 45.

Figure 45: Autoclean software. Taken from (Port of Rotter-
dam, 2024c)

The data is saved in a BIS (Bathymetric Information System)
database with ESRI Arcmap. This allows the map of the
ports depths to be multilayered and fully up to date. Which
can be used for Electronical Navigation Charts (ENC). The
production of ENCs (Electronic Navigation Charts) takes
place automatically according to the S-57 standard, issued
by the IHO (International Hydrographic Organisation) (Port
of Rotterdam, 2024c). ENC’s are used by skippers to navi-
gate and many other applications.
Point measurements using a density meter are performed in
areas where a silt layer thicker than 25cm is present (often
Beercanal, Maasmond and Calandcanal) (Snoek, 2024a).
These density measurements are performed using a Rheo-
Tune, a measuring instrument that determines properties
such as shear stress, sludge density, and the sensor’s depth
(Port of Rotterdam, 2024c). The sampler is put in the ground
underwater and measures the density of the ground . A vi-
sualisation of this beeker sampler is shown in Figure 46.
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Figure 46: RheoTune. Taken from (Port of Rotterdam,
2024c)

These measurements are supplemented with Singlebeam
echo sounder readings, which is shown in Figure 47. The
single beam data is used to measure the density of the silt
through SILAS software. This combination ultimately deter-
mines a layer thickness, which can be used to adjust the

Multibeam measurement (Port of Rotterdam, 2024c).

Figure 47: Single beam. Taken from (Port of Rotterdam,
2024c)

This approach calculates layer thickness, allowing for adjust-
ments to the Multibeam measurements (Snoek, 2024a).
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In this appendix, the other scenarios that were ideated, but not chosen to use in the interview are presented.
Some alternative scenarios contained an emergency response vessel in some form. In figure 48, an scenario is presented in
which an air drone operator could lift the autonomous drone from the water in case of a system failure.

Figure 48: Scenario with an air drone

Another option for an emergency responce vessel would be an regular vessel, with an captain and a technician that could
physically reach the destination of a faulty drone, as is seen in figure 49.

Figure 49: Scenario with emergency vessel
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I chose not to include these scenarios, because they might be to steering that an emergency vessel needed to be present.
Also the mothership scenario already contained some form of physical human presence, which could be discussed during the
interviews.
Other scenarios were expansions of either the mothership or remote control scenario. Expansions of the mothership scenario
included one mothership, with mutliple autonomous drones accompanying it (figure 50), or each survey vessel having its own
autonomous drone (figure 51).

Figure 50: Scenario one mothership and multiple drones

Figure 51: Scenario with two motherships and drones

The expansions of the remote control scenario included a larger swarm of autonomous drones (figure 52).
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Figure 52: Scenario with swarm of remote controlled drones

Other scenarios included different configurations of human operator roles. In one configuration. Only one remote operator
would oversee two autonomous drones (figure53). This scenario was not chosen, because according to the literature research
this situation would have a high probability to cause mental overload for the remote operator.
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Figure 53: Scenario with one remote operator
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In this appendix. The protocol for the interview study can be found. The interviews were held in Dutch, but for readability, the
protocol has been translated to english.

Introduction script
”Hello, my name is Maureen and I am a student at TU Delft and working on my thesis. My research focuses on automation in
the port of Rotterdam, specifically in the field of hydrographic research. ”In this interview I want to understand your views and
ideas on how (semi-)autonomous ships would impact your work experience.” I will ask you questions about your current work,
how your work has changed in the past and how you see the future” ”The data I collect remains anonymous and confidential. It
will only be used for my research.” ”You can stop the interview at any time; participation is completely voluntary. (Make sure the
consent form is signed!) You can also interrupt me at any time.” “There are no right or wrong answers – I’m interested in your
opinions and personal experiences.” “Finally, can I record this interview?”

Opening question
“Can you briefly describe your role in your current work?”

Step 1: current work experience and tasks
I created the scenario below. This is a simplified version of the current operational situation. I asked you to think about the
things you like about your job and the things you don’t like.

• 1.1.2 “Which tasks do you enjoy?”

– “Why do you like these tasks?”

• 1.1.3 ”What tasks do you not like?”

– ”Why do you like this one less?”

Reflection on changes
I’ve asked you to think about the ways your work has changed.

• 2.1 “What changes have you experienced in the years you have worked here?”

– ”Which of these changes were an improvement?”

– ”Which of these changes had a negative effect on your work experience?”
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’Autonomous ships’ have been a hot topic for quite some time. I’m curious about your ideas about this.

• 2.1 “What do you envision when you think of a semi-autonomous ship within your field?”

• 2.2 “What are your feelings about the idea of (semi-)autonomous ships?”

– 2.2.1 “What opportunities do you see for your work with this technology?”

– 2.2.2 “What threats do you foresee in your work with this technology?”

Future scenario of autonomous ships
I would like to show you two fictional future scenarios in which (semi-)autonomous ships play a role. I would like to emphasize
that the scenarios are purely fictional and are intended to gather your input during the interview. It is not a concrete plan for the
future.

Fictional mothership scenario
In the first fictional scenario, one of the two research ships carries a semi-autonomous ship. This drone can be controlled
remotely by a remote skipper. The ship can simultaneously perform measurements and sail with the mother ship. The surveyor
checks the measurement data from both the drone and the mother ship.

• 3.1 “How would this scenario change your current tasks?”

• 3.2 “How would your collaboration with other users in the ecosystem (such as VTS operators, skippers and researchers) 
change?”

• 3.3 “Can you think of a top for this scenario?”

• 3.4 ”Can you also think of a tip for this scenario?”

• 3.5 “What would you change about this scenario? Feel free to customize it as you like”

Lay out the cards with possible additional people/ships so they can be easily customized. Also put pens on the table.
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Remote control scenario
In this scenario, the skippers and surveyors are no longer present on the ship, but control the ships remotely. The remote
skippers can put the ships in automatic or manual mode. In automatic mode the skipper can view the vessel’s surroundings,
just as a VTS operator can see. When one skipper steers a ship manually, the other can keep an overview of the situation and
vice versa. The surveyor remotely checks and monitors the information from both ships. The surveyor checks the incoming
measurements from the drones and communicates with the skippers remotely which measurements should be taken where.

• 3.1 “How would this scenario change your current tasks?”

• 3.2 “How would your collaboration with other users in the ecosystem (such as VTS operators, skippers and researchers)
change?”

• 3.3 “Can you think of a top for this scenario?”

• 3.4 ”Can you also think of a tip for this scenario?”

• 3.5 “What would you change about this scenario? Feel free to customize it as you like”

Lay out the cards with possible additional people/ships so they can be easily customized. Also put pens on the table.

General questions
Keep the future and current scenarios visible as a reference point. This allows the participant to build on or critique the previous
scenario.
”Now that we’ve seen the screenplay and discussed your current work...”

• 4.1 “If autonomous ships are implemented, what responsibilities would you like to retain, and why?”

• 4.2 “Which tasks would you leave to the autonomous system, and why?”

• 4.3 “What properties should the autonomous ship have to have a positive impact on your work?”

• 4.4 “What barriers do you foresee in the implementation of autonomous ships?”

– 4.4.1 “How can these be addressed?”

• 5.3 ”What could be your contribution to the implementation of (semi-)autonomous ships?”
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Close
Thank the participant.

• 5.1 “Is there something I forgot to ask that you would like to share?”

• 5.2 “Do you know anyone else I could talk to?”
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Appendix E
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In this appendix, the informed consent forms used in the interview study can be found.
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Appendix F
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In this appendix, the final code tree can be found below

Table 7: Codebook

Theme Theme Description Code Example Quote

Characteristics of
the port area

This theme addresses the spe-
cific characteristics of the port
area mentioned by participants,
such as traffic density, the mul-
titude of factors, and unpre-
dictability. It also covers what
distinguishes survey work in the
port area from survey work else-
where.

Survey vessels must yield
to other traffic

”I was conducting a survey in a specific spot,
and we were highly visible, right in the middle
of the port area. Then a ship came sailing in,
and at some point, we simply had to leave our
position.” (P9)

The port area is unpre-
dictable

”You have high tide, low tide, headwind, ebb,
flood. So all these factors. There is always
a plan. And as soon as the plan starts, de-
viations begin. Within 10 minutes, everything
can be different.” (P1)

The port area is very busy ”Look at the Waalhaven or the Eemhaven, it’s
essentially one big ant nest. The intersec-
tions, like the Botlek and the Oude Maas, are
very busy as well.” (P8)

Local knowledge is impor-
tant

”You don’t learn from a book, especially not in
Rotterdam.” (P8)

Continued on next page
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Continued from previous page

Theme Theme Description Code Example Quote

Survey areas can be diffi-
cult to access

”You can hardly launch that drone from the
shore anywhere. At least, that is possible, but
that is very difficult, because of course you
have all kinds of sites that surround the port
area, industries that all have extremely strict
regulations with permissions. That is required
by the government, but also by the compa-
nies themselves, so going through those sites
of the tenants and/or owners is simply very
difficult. You do not have the ideal view there
either.” (P9)

Future of work
with autonomous
drones

This theme examines how
participants expect autonomous
drones to impact their work,
with both positive and nega-
tive changes anticipated. It
covers general work changes
and those specific to different
operational scenarios.

General changes due to
autonomous drones

”It does become a kind of extra caution for me
as a VTS all of a sudden that I have to pay
attention to it.” (P5)

Changes in the mother-
ship scenario

”If you are on the big boat, you have to care-
fully plan your courses because you want to
survey the whole area in one go with the small
boat. This means more space is required, im-
pacting navigation.” (P3)

Changes to work specific
to the remote control sce-
nario

”No matter how small the vessel is, it’s still
influenced by currents and wind. Here, you
see what your ship is doing, you feel how it
moves, and you react instantly. The question
is to what extent you can compensate for that.
You would have to read that from your equip-
ment.” (P3)

Continued on next page
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Continued from previous page

Theme Theme Description Code Example Quote

Changes to work in the
context of advanced au-
tonomous navigation

”With full automation, a ship would send a
signal within a 400-meter radius, saying, ’I’m
here, working.’ And another ship would re-
spond, ’I’m leaving the dock, oh yeah, that
thing is still there, let me send a quick ping
to check its location. There. I’m departing,’ it
says to the smaller vessel. The smaller ves-
sel responds, ’Okay, I’m here now. No colli-
sions.’” (P1)

Implementation
process of au-
tonomous drones

This theme explores partici-
pants’ expectations and atti-
tudes toward implementing au-
tonomous drones in the port,
emphasizing collaboration, or-
ganizational culture, and a grad-
ual transition.

The port is digitalizing ”I believe they will come anyway. It is a devel-
opment in the market that simply cannot be
stopped.” (P4)

People need time to adapt ”It’s the same as autonomous driving; it
requires time. A significant investment is
needed.” (P6)

The transition phase from
the current situation to a
fully autonomous port is
challenging

”So imagine you have an autonomous cargo
ship, but there are also inland vessels. How
do they interact? I think that is the biggest
question. A human has emotions and a
sense of humanity, whereas a computer does
not. So how will that work in the future?” (P6)

A fully autonomous
environment operates
smoothly

”If everything were fully autonomous, I think it
would be easier than having half of the ships
operate autonomously while the others have
to navigate around them.” (P5)

Initial issues with new
technology are resolved
over time

”You only really find out when you actually try
it.” (P7)

Continued on next page
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Continued from previous page

Theme Theme Description Code Example Quote

Need for collaboration ”If there are developments related to our field,
then they should be handled by us.” (P2)

Importance of culture ”I do think you need delicate, skilled people to
set it up.” (P9)

A gradual process ”It simply has more advantages than disad-
vantages, but there is always some resis-
tance. You should not push too hard against
it but rather let it slide off.” (P1)

Concerns about
autonomous
drones

This theme captures partici-
pants’ concerns regarding au-
tonomous drones, including sta-
bility issues, regulatory uncer-
tainties, reduced human control,
and connectivity problems.

No advantages of USVs ”It costs a lot, and people don’t do it either.
If someone owns a cargo ship and sailing is
profitable, they are not going to invest 4 mil-
lion just to avoid touching the controls.” (P6)

Additional personnel re-
quired for USVs

”It really is not feasible. You would still have to
work with the same crew. I see no advantage
in that at all.” (P3)

Concerns about the sta-
bility of USVs

”A huge push-boat produces a wake that lifts
such a thing up. You can hit it against the
quay. I think it immediately gets mangled.”
(P2)

Concerns related to ves-
sel traffic

”In very specific situations. For example,
along the Gloringen, in smaller ports where
your survey vessel is already fully occu-
pied. I would think that an autonomous drone
wouldn’t be a problem there. But in busy in-
tersections, I think there will be more draw-
backs.” (P8)

Concerns about regula-
tions

”Legally, you always have to be cautious be-
cause you can’t sue a computer. If opera-
tions become autonomous, who is responsi-
ble? That’s a big dilemma.” (P1)

Continued on next page
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Continued from previous page

Theme Theme Description Code Example Quote

Concerns about the lack
of human control

”Because you can intervene more easily if
you are on board.” (P4)

Concerns about commu-
nication and connectivity

”Whether you are in the office or on the boat
and see nothing, that doesn’t matter much. It
is only the delay, the quality of the connec-
tion... I don’t know if it is sufficient yet.” (P6)

Concerns about visibility ”Sometimes we don’t even see some of the
yachts on the radar because they are so small
that they are not visible.” (P7)

Advantages of au-
tonomous drones

This theme highlights the bene-
fits of autonomous drones, such
as their smaller size, ability to
access areas where conven-
tional ships struggle, and in-
creased efficiency.

USVs can access difficult
areas

”Areas where you currently can’t go might be
useful. But other than that, I actually don’t see
any advantages.” (P2)

USVs increase efficiency ”The side from which the wind comes mea-
sured by the smaller vessel, so that you finish
a few hours earlier.” (P9)

Expectations of au-
tonomous drones

This theme covers all expecta-
tions and requirements that an
autonomous drone must meet to
operate within the port context.

Autonomy of USVs ”The autonomous drone navigates by itself.
You only need to be present when it is fin-
ished, when it needs to be taken back on
board.” (P4)

USV operating area ”Autonomous navigation could work very well
in areas where it is certain that no vessels will
be entering or leaving.” (P5)

Visibility of USVs ”If they are equipped with AIS, others can see
it on their maps. Then it stands out a bit more.
I think that is the most important, especially if
it is very small.” (P7)

Continued on next page
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Continued from previous page

Theme Theme Description Code Example Quote

Communication of USVs ”What happens if it suddenly receives other
orders? Does it suddenly turn? Then there
must be a system that indicates this, so ves-
sels can take it into account.” (P1)

Remote control of USVs ”You must always have a wide view around
you.” (P3)

Physical presence near
USVs

”You must be present. So you would rather
have a small boat with you.” (P2)

Lifespan of USVs ”It should be able to cover both the larger ar-
eas and the smaller, more inland areas. The
drone needs to be able to operate continu-
ously for at least 5 to 6 hours. And also, if it
could be quickly recharged from the vessel.”
(P9)
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In this appendix, the value proposition canvas for each group can be found.

Figure 54: Filled in value proposition canvas for skipper
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Figure 55: Filled in value proposition canvas for surveyor
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Figure 56: Filled in value proposition canvas for VTS operator
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