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ABSTRACT

Pilotage is one of the foremost safety measures provided by coastal states to ensure
safe and efficient movement of vessels to ports. Pilotage is conducted by experienced
navigators with expert knowledge of the local navigational landscape and traffic flows.
Traditionally, pilots board a vessel and remain physically co-located with the ship’s
bridge team throughout the operations. In recent years, several research projects have
explored the possibility of remote pilotage, where the pilot can perform the same
functions while being located on shore. These developments are largely driven by
the technological advances enabling novel modes of communication and information
exchange. In this study, we report findings from six semi-structured interviews with
pilots who are being trained in remote pilotage operations in a Scandinavian port.
The results highlight cognitive challenges that the participants experience as pilotage
operations are reimagined to be conducted from a shore station. While this study is
focused on pilotage, the identified challenges also highlight potential risks for and
may inform the design of remote vessel control, e.g. for maritime autonomous surface
ships.
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INTRODUCTION

Pilotage refers to the phase of navigation where a vessel is navigating in close
vicinity of the shoreline, going either inbound to the port or outbound to open
waters (Sharma et al., 2019). These tasks are undertaken jointly by the ship’s
bridge team along with an experienced navigator, who is knowledgeable
about the navigation process for the port of call — often referred to as
the “pilot”. While the captain remains responsible for the safe conduct
of the ship, in practice their manoeuvring to an extent relies on the advice
of the pilot.

Pilotage is considered as a safety-critical operation both because it concerns
navigation in restricted waters, and as it requires a pilot to physically embark
or disembark while the vessel is underway. Several incidents in recent years
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(Safety4Sea, 2024; BBC, 2023; CruiseMapper, 2023) show that the transfer
to and from the pilot boat is risky.

Due to the above-mentioned operational challenges and because of the
novel technological affordances, the concept of “remote pilotage” (or “shore-
based pilotage”) is gaining increased interest (Ujkani et al., 2024; Heikkila
et al., 2024). The concept of remote pilotage, however, is not new in the
maritime industry. Early efforts to remotely guide the vessels during coastal
phases of navigation can be dated back to 1960s when a combination of
VHF radio communication and radar images were utilized (Lahtinen et al.,
2020). In the subsequent years, remote pilotage was adopted in certain
geographical regions to various degrees, depending on the overall acceptance
of the practice and the availability of technological solutions. Figure 1 below
provides an example of workstation for remote pilotage.

Figure 1: An example of remote pilotage workstation.

Bruno and Lutzhoft (2009) described pilotage in terms of maintaining
control in a complex socio-technical system with human and technological
artefacts. Since the remote pilotage operation will invariably result in the
situation where the control will be split between ship and shore, they implied
that it could be a less effective mode of maintaining control over the vessel
trajectory. They further argued that challenge to maintain control over the
vessel in remote pilotage can be resolved by four principal ways: (1) Providing
extra information to a ship’s bridge team, (2) Restrictions on the types of ships
that can avail this service, (3) Improved feedback to the shore-based pilot and
(4) Standardization of procedures and communications.

In this regard, it is particularly important to understand the human
factors challenges for the pilots who will be involved in remote operations
from shore as compared to onboard ships. The transfer of pilot’s location
from ship to shore, while addressing the some of the issues related to
conventional pilotage, also requires taking into account new set of tasks for
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the remote pilot. Being removed from the physical presence on ship would
mean that the information obtained by the pilots is indirect and often limited.
This could interfere with the pilot’s ability to anticipate several variables
related to ship’s immediate environment and develop their “ship sense”
(Prison et al., 2013). Furthermore, communication and coordination are also
important aspects of exerting control and exchanging relevant navigation
information between the pilot and the bridge team. Gralak (2010) argued
that remote pilotage situation could lead to a more than average level of
communication occurring during manoeuvring phase, thereby increasing
probability of miscommunication and errors. The work profile of pilots
involved will be markedly different in the scenario of remote pilotage.
The skillset requirements, information needs, and operational procedures,
therefore, will also differ significantly. Porathe (2021) has discussed the
general challenges regarding keeping the remote operators in the loop during
navigation operations and the need to prevent deskilling in the long term.

Understanding the human factors challenges could further aid the efforts
of all the maritime stakeholders in making remote pilotage viable both in
terms of safety performance and optimum use of technology. The present
paper contributes to a small but growing set of studies conducted recently
which discussed various human factors challenges with respect to adaption
of remote pilotage as perceived by the pilots themselves (Lahtinen et al., 2020;
Salonen et al., 2020; Berlin and Praetorius, 2023). Specifically, in the present
paper we focus on the cognitive challenges that may arise when pilotage
operations are reimagined to be conducted from shore in contrast to the pilots
being physically co-located at the ship’s bridge.

METHOD

This study explored the feasibility of remote pilotage in a Scandinavian port,
by examining necessary investment in infrastructure, technological solutions
and training of pilots for the new roles. A total of 6 experienced pilots were
interviewed employing a semi-structured format.

Participants

The age of participants ranged from 40 to 59 years with the mean age being
50 years (SD = 7.5). The total experience in years of the participants ranged
from 19 to 35 years with the mean total experience as 29.1 years (SD = 5.8).
The experience as a pilot of the participants ranged from 4 to 20 years with
the mean experience of as 11.6 years (SD = 7.1). The participants were
recruited based on their qualifications as remote pilot in training. The sample
was a small but highly specialized group. The prefix of Remote Pilot (RP) 1-6
are used as annotation within the result section.

Semi-Structured Interviews

The interviews were conducted as a part of an ongoing research project with
the broader aim of evaluating the feasibility of enabling remote pilotage for
the port in question. The data collection took place between September and
November 2024.
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The principle of informed consent was followed while conducting
the interviews and all the respondents received an information letter
describing their details, project objectives and how their data will be
stored and processed by the researchers. The respondents were asked
certain demographic questions before the interview. With respect to the
actual interview questions, the respondents were asked regarding the overall
structure of their tasks, the role of experience, situational awareness,
decision making strategies and other related themes related to their cognitive
processes.

The interviews were semi-structured in nature and conducted in-person.
No identifying information was collected or mentioned during the course of
the interviews to maintain confidentiality and anonymity of the participants.
The interviews were video recorded by using a stand-alone GoPro® camera
version 10 and took 60 minutes on average. The transcription of the files
to textual data was generated through Whisper (OpenAl). The first author
was primarily responsible for data collection and subsequent transcription in
the study. The transcripts of the interviews were subsequently analysed and
grouped into broader themes after considering the coherence and alignment
with the stated research objectives.

RESULTS

The participants highlighted several cognitive challenges that arise in the
work as remote pilot. Some of the emergent cognitive challenges as mentioned
by the remote pilots were — challenges related to perception of information,
communication, monitoring and regulating their performance. Each of these
factors are further described in the sections below.

Perception

The most evident challenge when considering the scenario of remote pilotage
in contrast to conventional pilotage is the lack of physical co-location of the
pilot with the ship’s bridge team. It therefore raises apprehension regarding
the accuracy and quality of information and navigation parameters for the
remote pilots. One of the predicaments in such situation for remote pilots is
the difficulty to evaluate the quality of information they are receiving, as they
are unable to visually confirm the same from their remote stations. This issue
was raised by several of the respondents.

“There are two different ways, either the data is right, and I am doing
something wrong, or [it is a situation] where there is an error in the data.”
(RP1)

The remote pilots also mentioned challenges with respect to the data not
being perfectly synchronized or having a time-lag, when presented in the
shore station. This could create challenges in decision making.

“If you have an increase in the wind, you immediately notice it if you’re
[on board], but it will take, you some time to understand that what happened
if you’re not [on board].” (RP5)
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Remote pilot 3 remarked that in contrast to being located on board, being
on shore meant that the pilots are reliant on only the readouts from a set of
screens available to them.

“You don’t have your normal senses like vision, bearing and perception of
the surroundings. You are completely reliant on technical two-dimensional
screen or whatever.” (RP3)

Some of the remote pilots remarked that they would like to see an exact
replica of the information that was presented to the members of the bridge
team — at least with respect to the readouts from the bridge equipment, even
if direct visual confirmation is not possible.

“I would like to be able to see the same monitor that the ship has in real
time on my screen, so, 1 would like to see their charts, I would like to see
their radar,  would like to see the engine panel, I would like to see the rudder
indicator and the rate of turn, I would like to see what they see, and of course
that could be done in different ways.” (RP6)

Communication

Another aspect of remote operation which emerged during the interviews
with the remote pilots was challenges related to communication with the
ship. Their approach to communication in remote pilotage scenarios, while
building on their conventional pilotage experience, also differed with the
added consideration of safety and precaution margins required.

“If you have lots of ships at the same spot, then you need to make clear
some kind of strategy with several parties involved, you have to make a
priority list, who to speak to first.” (RP1)

RP 1 further emphasized that his approach is to always think ahead and
have multiple contingency plans available which will also be the case in
remote pilotage scenarios.

“We are not talking about right or wrong in this situation, we are just
talking about doing this safe, and have a plan B, maybe even a plan C.” (RP1)

RP 5 similarly remarked about having good communication with other
vessels in the traffic environment to avoid complications.

“To improve safety of pilotage operation, you have to have good
communication with other ships. What could be a challenge for the remote
pilot is to know which one is relevant.” (RPS)

Similarly, RP 6 explained that he likes to proactively contact the ships he is
advising in case of perceived scenario development or conflicting information
being received on his end:

“When I see that something might be off, I talk to the captain or the officer
on watch and say that my system is sending me this is this really correct and
if they say yes, that is correct, then I can take action.” (RP6)
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However, he also argued that there should be a balance in the number of
times a pilot has to communicate with the ship they are advising.

“There is a sweet spot, you need to be in good level with the
communication, not too much, not too little.” (RP6)

Monitoring and Regulation

A challenge for remote pilots in shore-based pilotage scenario is also to
monitor the navigation progress from afar, with relatively limited information
at their disposal coupled with the need to perpetually make sense of the
traffic scenarios unfolding. The remote pilots mentioned a variety of ways
they employ to cater for the same.

“I use various kinds of checkpoints, for example, when doing a longer turn
to determine if we are turning fast enough or too slow. And by using these
checkpoints, I can see that we turned too late, or we turned too early, then |
need to change the turn rate to end up in the correct position at the end of
the turn.” (RP3)

The RP 2 argued that one has to continuously monitor the progress of the
task and compare with the agreed plan.

“I think that you are self-monitoring all the time more or less. You want
to be in a specific spot that you have in your head.” He went on to add: “It
is a continuous process of self-assessments.” (RP2)

RP § stated that he tries to make a mental note in the beginning of the
pilotage as to how the ship and its equipment are influencing manoeuvring
because he will need to correspondingly adapt to deliver safe performance.

“If I can see that one ship is hard to steer, for instance, then I got clue that
the rudder might be very small and there will be problem to manoeuvre later
on. I guess that will be bard to understand, if you’re [a shore-based pilot].”
(RPS5)

RP 6 stated that the act of guiding the ship from shore can lead to narrow
tunnel vision, which might be posing operational challenges for the pilot and
could be something difficult to manage.

“You are only focused on specific data; this is creating difficulty and it’s
challenging, because it can take focus off different things.” (RP6)

He continued on to mention that with such an arrangement, it could
sometimes feel to be under-utilized as an operator:

“As [a shore-based] pilot we are looking at that number every five seconds
and so it’s a big difference in the self-monitoring; 1 am looking at screen
and so and I don’t feel that my experiences and my knowledge as a pilot is
working at full length, I am not using my whole set of skills.” (RP6)

DISCUSSION

The aim of this study has been to explore the cognitive challenges that may
arise when moving a pilot from ship to shore. The results indicate that
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the physical move also creates a novel role for the pilot in the bridge-team
which leads to the need to redefine and reinvent current work strategies.
The experienced pilots in this study highlighted the increased dependence
on information sources, the increased need to monitor and increased need to
compensate for “lost” senses through novel strategies and work tasks.

The fundamental premise for using remote pilotage in maritime navigation
is that it should be equally safe or safer than conventional pilotage (Hadley,
1999). The relocation of pilot to the shore station eliminates some of
the risks related to transporting and boarding the pilot. However, it may
introduce other operational challenges in terms of perception of information,
communication, traffic resolution and meaningful engagement for the pilots..

The advances in technology, business model demands, and logistical
considerations have been the primary driving force for the possibility of
remote pilotage (Lahtinen et al., 2020). However, as can be seen in this study,
it could still fall short of providing a substitution to the physical presence of
a conventional pilot. This can be attributed to the fact that the remote pilots
are not able to immediately perceive the changes in ship’s parameters such
as speed, heading, rate of turn, as well as the impact of weather elements.
Piloting changes from being proactive to a reactive task, where the pilots are
depending on feedback from the bridge-team to double-check and confirm
the information that is available to them.

The pilots also indicated that to a certain degree, these problems could be
minimized if the required information is replicated with similar interfaces at
their end and with minimum time lag. The presence of a pilot on board the
ship’s bridge, in addition to facilitating the pilotage operations, also provides
a measure of redundancy in the bridge team as they can independently verify
the ship’s parameters. To mitigate the risk of losing this level of redundancy
during pilotage, the availability of information to the shore-based pilots
should adequately be enhanced in quality and reliability.

In addition to not being able to perceive the ship’s parameters and other
related information immediately, the other challenge is that the remote pilots
are also not able to communicate with the ship’s bridge team to the same
degree as being physically co-located with them. The remote pilots mentioned
that to address this, they plan and prioritize the information exchange
they would like to have with the vessels. The advent of fifth generation of
wireless technology (5G) has presented new modes of oral communication
during pilotage, in addition to Very High Frequency (VHF) radio channels.
Additional measures such as prior route information exchange using decision
support systems and the use of Portable Pilot Unit (PPU) can further facilitate
the planning process (Westin and Lundberg, 2025). The challenges related
to communication can therefore be mitigated to a certain extent when
considering the remote pilotage scenarios.

The transition from a very active role on board the ship, to a relatively
passive role on a shore station was also mentioned by the pilots as an
aspect requiring further consideration. In addition to technological or design
solutions to supply the remote pilots with information and mechanisms
to meaningfully engage their attention, organizational solutions such as
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alternating the shifts as conventional pilot and remote pilot roles could
prevent loss of skills and local expertise.

The expertise of pilotage is built through on the job knowledge and
experience over an extended period of time (Berlin and Praetorius, 2023).
A possible reason for cognitively demanding nature of remote pilotage can
therefore be attributed to the fact that, while information might still be
replicated at the shore end, clearly outlined work strategies and experience
specific for the role are still under development. Furthermore, the information
which is available to the remote pilots also needs to be reliable, as it is being
perceived indirectly.

All ports have different characteristics in geography, infrastructure and
economic activities. The decision to use remote pilotage as a solution will
certainly depend upon various and often interdependent factors specific to
each port. However, the human factors challenges remain mostly similar in
each case, where it is planned to split the control and decision-making aspects
between the ship’s bridge and a shore control station.

Although the findings from the study are related to remote pilotage
operations, the cognitive challenges described in the study will also be similar
for Remote Operation Centre (ROC) operators of autonomous or semi-
autonomous ships. The ROC operator will have similar issues related to lack
of physical co-location with the ship’s bridge team, indirect communication
modes and remodelled work tasks with dominant periods of relatively less
activity. The findings from this study are therefore also relevant for functions
of the ROC operators and challenges they might encounter.

One of the limitations of the current study is that the data collection
had relatively few participants. However, at the time of data collection,
the sample represented the entire population of the qualified remote pilots
for the particular port. The limitations related to qualitative nature of
the investigation and subjective process of data analysis and interpretation
should also be acknowledged. Therefore, the results should be viewed in
limited context, and we should avoid over-generalizing from the findings.
Further analysis of the data transcripts is ongoing, and it is expected
that a cognitive demands table will emerge as an output which can
further aid in analysing the remote pilotage operations. The preliminary
results were utilized in understanding some of the emergent cognitive
challenges mentioned by the pilots when undertaking remote pilotage
operations.

CONCLUSION

In the era of increased digitalization and automation of maritime navigation,
remote pilotage operation is presented as one possible solution allow the pilot
for advising the vessels through a shore control station, thereby reducing the
need for them to have a physical presence on the ships bridge itself. The
present study contributed to this discourse by selecting a Scandinavian port
as a relevant case. The interviews of experienced pilots who are being trained
for the role of remote pilots, attempted to bring forward their perspective,
concerns and reflections about remote pilotage operations at large. The
preliminary results suggest that while remote pilotage can mitigate the risks
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related to physical exposure to hazardous conditions for the pilots, the
remote operations present them with certain novel and additional challenges.
The challenges related to perception of relevant ships parameters and other
elements, the need for proactive communication and concerns regarding
performance regulation and monitoring at shore station were listed. Future
research is being directed to formulate a cognitive demands table which
can in turn assist in devising required interfaces and areas where additional
training could be targeted for ensuring optimal performance and safe
outcomes.
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