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1. Introduction

This report presents findings from an anthropological study of remote pilotage (landbaseret
lodsning) as developed and tested by DanPilot in Danish waters - both conducted as part of
the SLGreen project (2024-2027) under ShippingLab. The study contributes knowledge from
sensory anthropology and human-technology interaction research to the ongoing evaluation
of remote transit pilotage for regulatory approval. The report concerns only transit pilotage in
Danish waters; harbour pilotage presents different operational demands and is not addressed
here.

Remote pilotage involves pilots guiding vessels through Danish waters from a shore-based
Navigation Control Centre (NCC) rather than being physically present on the bridge. This
constitutes a reconfiguration of pilotage practice, with implications for safety,
communication, and the distribution of expertise between pilot and crew.

Background

Three primary motivations drive the development of remote pilotage: pilot safety (boarding
via pilot ladders remains hazardous, particularly in adverse weather), fuel consumption
reduction (vessels need not reduce speed or alter course to embark pilots, and pilot boats need
not be deployed), and workforce sustainability (an aging workforce requires new recruitment
strategies, and remote pilotage offers improved working conditions). Denmark is conducting
these trials alongside Finland, with DanPilot performing systematic tests of remote transit
pilotage. Importantly, pilots conducting remote operations also continue conventional on-
board pilotage - this combination is regarded as essential to maintaining skills and local
knowledge.

Method

The study was conducted over 18 months and employed ethnographic methods characteristic
of anthropological research: participant observation, semi-structured interviews, and detailed
fieldwork documentation. Research sites included:

Ship perspective: 10 days aboard a container vessel participating in remote pilotage
tests, including observations of conventional pilotage in Danish, Finnish, and German
waters, and remote pilotage in Danish waters.



Shore perspective: Multiple observation periods at DanPilot’s NCC facilities in
Randers and Esbjerg, including remote pilotage training courses, simulations,
technical tests, and operational observations.

Project meetings and workshops with DanPilot, DTU engineers, and maritime
authorities.

In-depth interviews were conducted with experienced remote pilots, including pilots with
extensive conventional pilotage backgrounds who have transitioned to remote operation trials
while continuing to conduct conventional pilotage - a principle DanPilot maintains as
essential for skill retention.

Observations were necessarily shaped by practical constraints, notably the availability of
vessels participating in trials, their passage through Danish waters and the scheduling of
remote pilots. This meant that some observations concerned situations - such as assessments
conducted immediately before pilotage - that arose from logistical necessity rather than
standard procedure, but which offered analytical insight.

Regulatory Framework

The trials have been conducted within the framework of BEK nr 401 af 15/04/2024 on trials
with shore-based pilotage, which establishes requirements and conditions for remote pilotage
with or without a pilot aboard. The regulation requires a minimum of five years’ experience
as a conventional pilot before conducting remote pilotage - a requirement that makes good
sense given that remote pilotage presupposes the experiential knowledge, practiced judgment,
and intuitive expertise that can only be built through years of conventional practice.

Author

The author is an anthropologist specialising in sensory anthropology, human-machine
interaction, and the study of professional vision in technological contexts. Previous research
includes ethnographic studies of Al-assisted medical diagnostics, biometric border control
systems, and robot-assisted surgery - all contexts where questions of embodied expertise,
sensory reconfiguration, and the limits of technological mediation are central concerns (Mohl
2020, 2021).

KEY ANALYTICAL INSIGHT

Remote pilotage safety does not depend on reproducing onboard situational
awareness at a distance, but on how coordination, anticipation, and
responsibility are practically organised between pilot, bridge team, and
technology in a situated operational context.



2. Summary of Findings

Remote pilotage can be conducted safely. The method changes, but the safety level is
maintained and in certain respects enhanced. Rather than representing a degradation of
pilotage, remote operation constitutes a reconfiguration that brings practice into alignment
with what maritime law and standards prescribe: the pilot advises, the officer of the watch
navigates. Communication and crew involvement increase, tacit knowledge becomes explicit,
and safety margins are expanded.

This report supports approval of remote pilotage for transit operations under specified
conditions. It argues against requiring camera systems for transit pilotage, as these do not
address documented operational needs and risk introducing new problems related to cognitive
load and divided attention. However, several areas warrant continued attention, including
crew assessment procedures and technical infrastructure resilience.

3. From Situational Awareness to Situated Coordination

Research on remote pilotage is currently dominated by a classical situational awareness (SA)
paradigm, as found in contributions by Lahtinen et al., Heikkild et al., Grundmann et al., and
Ujkani et al. Across this literature, safety is primarily understood as a function of information
availability, visual access, and the alignment of internal mental representations between ship
and shore. Remote pilotage is therefore typically framed as a problem of compensating for
the loss of onboard sensory input through enhanced data integration, visualisation
technologies, and communication systems.

This report positions itself outside that paradigm. Drawing on sensory anthropology and Lucy
Suchman’s theory of situated action, it questions the assumption that safe navigation depends
on shared or identical situational pictures. Suchman’s insight - that plans and representations
do not determine action, but are resources mobilised within unfolding situations - offers a
more adequate framework for understanding pilotage. Orientation, anticipation, and
coordination emerge through interaction between actors, instruments, organisational roles,
and environmental conditions, not through the alignment of internal mental states.

Problems with the Classical SA Concept

The classical SA model, developed by Mica Endsley for aviation contexts, defines situational
awareness as ‘the perception of elements in the environment, comprehension of their
meaning, and projection of their future status’. This three-level model has been widely
adopted in maritime safety discourse. However, several problems emerge when it is applied
to pilotage in general - whether conventional or remote.

First, the concept treats awareness as a discrete cognitive property - something one either has
or lacks - rather than as a continuous, interactive process. Second, it assumes that safety
requires shared mental representations: that pilot and crew should strive for the same
‘situational picture’. Yet ethnographic observation reveals that pilots and navigating officers



attend to different aspects of the situation even when physically co-present. They have
different tasks, different concerns, and different cognitive resources. The pilot anticipates
developments over coming hours; the officer manages immediate operational demands. This
is not a failure to share awareness but a productive division of attention.

Third, in regulatory and industry discourse, SA often functions as a formula or checklist item
rather than an analytically precise concept. Phrases like ‘enhance SA’ or ‘ensure adequate
SA’ appear throughout maritime documentation without reflection on what ‘situation” means
in specific contexts. As experienced mariners have long observed, ‘you cannot put good
seamanship into a formula’. The SA model attempts precisely this reduction. Moreover, the
formulaic application of SA can create false assurance - a sense that safety has been
addressed simply because the concept has been invoked. The concept risks becoming a
placeholder, what might be called a ‘floating signifier’ - a concept that seems self-evident but
obscures more than it clarifies.

This critique applies to the SA concept as used in maritime contexts generally, not only in
relation to remote pilotage. The limitations identified here - the reductive treatment of
awareness, the assumption of shared mental pictures, the formula-like application - are
problems with the concept itself, not problems introduced by remoteness.

The Visual Bias

Situational awareness is almost always reduced to visual information in research, training,
and technology development. Even when other senses are mentioned, they are treated as
secondary or only supplementary to vision. This reduction misunderstands how experienced
maritime professionals operate through continuous multisensory integration - combining
instrument readings, sounds, vibrations, and visual cues into an integrated orientation. This
multisensory integration is not a deficit to be compensated for but a characteristic of skilled
perception - what phenomenologists call synaesthesia, the dynamic interaction of sensory
modalities.

The visual bias in SA discourse has direct implications for how remote pilotage is evaluated.
If one assumes that awareness requires direct visual observation of the vessel and its
surroundings, then absence of such observation appears as a critical deficit. But this
assumption mistakes the nature of pilotage expertise. As ethnographic observation reveals,
pilots work primarily with radar, AIS, and ECDIS data - the same information available in
the NCC. Direct visual observation plays a more limited role in transit pilotage than the SA
framework suggests, particularly in open waters where, as one pilot noted, ‘there’s no land to
see anyway .

A Different Analytical Question

Where much existing literature implicitly treats remote pilotage as a degraded version of
onboard pilotage, this report approaches it as a qualitatively different practice. The relevant
question is not whether the remote pilot has ‘enough’ situational awareness, but how
coordination is achieved under conditions of remoteness. This reframing allows the analysis



to account for phenomena that classical SA models struggle to explain: the productive role of
enforced verbalisation, the clarification of authority and responsibility, the redistribution
rather than loss of sensory work, and the emergence of new safety margins.

This position does not deny the value of technology. Rather, it challenges the assumption that
technology’s primary role is to recreate onboard presence at a distance. The findings show
that remote pilotage works precisely because it does not attempt such replication. Safety is
achieved through explicit coordination, disciplined communication, and the complementary
distribution of attention between pilot and bridge team.

4. From Tacit to Explicit Knowledge

One of the most significant findings concerns the transformation of tacit knowledge into
explicit communication. In conventional pilotage, much expertise remains unarticulated. The
pilot observes, interprets, and often acts without fully explaining their reasoning. A pilot
interviewed for this study described how, in conventional operations, communication with
the bridge team could be minimal: decisions were made and implemented without extensive
verbal exchange.

Remote pilotage fundamentally changes this dynamic. As one experienced pilot explained: ‘I
don’t navigate, I don’t set the position. I observe, I confirm, I anticipate, I advise’. The pilot
must articulate what they see on the instruments and what they anticipate - information that in
conventional pilotage might remain implicit. This explicitation has educational value: bridge
crews learn more about the reasoning behind pilotage decisions. VTS operators have noted
improved communication quality as a result of engaging in remote operations.

Similar dynamics have been observed in robot-assisted surgery, where physical separation
from the patient necessitates both verbalisation of decisions and the development of
compensatory sensory strategies (Mghl 2021). This transformation can be understood through
Michael Polanyi’s concept of tacit knowledge - the ‘knowing how’ that underlies skilled
practice but resists articulation. Remote pilotage creates conditions where this tacit
knowledge must be partially surfaced, translated into explicit communication. The pilot
thinks aloud, explaining what patterns they recognise in the radar image, what traffic
movements they anticipate, what course adjustments they recommend. This explicitation does
not replace embodied expertise but makes it communicable.

Bridge crews generally respond positively to this increased engagement. Rather than
experiencing remote pilotage as additional burden, many welcome the greater involvement
and clearer communication it requires of them.

5. The Pilot’s Role and Local Knowledge

A crucial observation concerns what pilots actually do. The pilot’s task is to observe,
confirm, anticipate, and advise - not to navigate or take control. Pilots bring extensive local
knowledge: they know the waters, where currents shift, where sand banks move, where extra



depth can be found. They work with recognition and confirmation: knowing how a radar
image should look in specific waters, registering deviations from expected patterns,
anticipating traffic movements, and advising on course and manoeuvres. This knowledge,
built over years of conventional pilotage, is what enables effective remote advisory.

In conventional operations, there has been a tendency for pilots to exceed their advisory role -
to touch controls, set courses directly, effectively assume navigational responsibility.
Fieldwork observations recorded instances of pilots directly adjusting instruments and
communicating with harbour services and tug boats in local languages the bridge crew did
not understand. Such practices, while common in several countries, blur the proper division
of responsibility.

Remote pilotage makes such overreach impossible. The pilot cannot touch controls because
they are not physically present. This constraint returns practice to what regulations prescribe:
the pilot advises, the officer navigates. Far from being a limitation, this enforced separation
actually clarifies role division and reinforces proper accountability structures. Pilots report
that this clarification also improves their conventional on-board practice: the discipline of
explicit communication developed through remote pilotage carries over to situations where
they are physically present.

Different Perspectives, Complementary Tasks

Pilots bring a distinctive perspective to navigation. As one observed: ‘It’s pilot thinking to try
to anticipate. The officer of the watch won’t do that. He’s busy with what’s happening right
around him’. All pilots have experience as navigating officers - they understand what the
crew is occupied with, but focus on different things. This observation challenges the
assumption that pilot and crew should strive for ‘shared situational awareness’. They occupy
different cognitive positions and attend to different aspects of the situation. The pilot zooms
out, anticipating developments over the coming hours; the officer of the watch manages
immediate operational concerns. Communication is the tool for coordination between these
complementary perspectives, not the creation of identical mental pictures - whether the pilot
is working remotely or on board.

An incident observed at the remote pilotage center illustrates this difference. The pilot,
monitoring ECDIS from the NCC, noticed a vessel steering across the fairway on a course
that risked collision with the ship he was piloting and potentially running aground. He alerted
the bridge, the captain was called up on the bridge, and the situation was resolved through
radio communication and a course adjustment. The pilot had identified the developing
danger; the officer, occupied with immediate tasks, had not registered it. The crew’s
contribution was confirmatory: verifying in the moment that the situation was resolved.
Instruments enabled anticipation; direct observation verified the outcome. The difference is
not sensory mode - both work with instruments - but attentional scope: anticipation versus
here-and-now.



6. Sensory Reconfiguration

The removal of direct visual observation leads not to sensory deficit but to sensory
reconfiguration. As in robot-assisted surgery, practitioners do not simply lose sensory input -
they develop compensatory practices, attending differently to available cues. As one pilot
described: “You remove one sense from us... and then the others become stronger. You listen
to what’s happening on the bridge, you pull information differently’. The remote pilots’
sensory engagement is different but not diminished. They listen closely to bridge
communications, detecting the tone of voices and in interactions, reading the rhythm of
exchanges, noting when confirmations come promptly or hesitantly.

They also use the interface to observe the officers’ face and posture, as well as other clues
they can get from the bridge: lighting conditions, weather visible through windows,
movement and activity on the bridge, and the general atmosphere of the working
environment. On occasion, crew members have briefly held up the Communicator to give the
pilot a sense of the bridge or the weather outside.

Pilots compared remote pilotage to sailing in fog: cognitively demanding, requiring sustained
concentration. The system has been designed around this reality. Shifts have been reduced
from eight to four hours: ‘There’s a lot to take in at the NCC. That’s why only four-hour
shifts’. Pilots also report working with larger safety margins - for instance, maintaining
bigger distances than those common in conventional practice - a compensation that emerged
from practice rather than explicit decision, and that contributes to operational safety.

7. Camera Systems: Not Required for Transit Pilotage

As discussed above, much remote pilotage research assumes that camera systems providing
visual feeds from the vessel are essential for remote pilotage. This assumption reflects the
visual bias in SA discourse. Observations and ethnographic research with Danish pilots
reveal a different perspective.

Pilot Priorities

Notably, Singapore and Finnish pilotage services are exploring the use of cameras for
harbour pilotage, where visual assessment of distances to quays and other vessels is critical.
But transit pilotage through open waters presents different demands. ‘I can perhaps see the
point out there [in harbour]... but here I really can’t see that we need it’.

When asked about technology needs, experienced remote pilots were clear: ‘Our wish list:
not visual [cameras]. Only two things: direct radar from the ship and VHF radio with multiple
frequencies’. Cameras do not appear on this list. Pilots want radar data and communication
capabilities. As one explained: ‘I struggle to see what we would use it for here in transit,
because up in the Kattegat, there’s no land to see anyway’.

Pilots also expressed concern that cameras risk disrupting the current distribution of attention:
crew may become less vigilant if they assume the pilot can see everything, or the same as, or



more than themselves. And for the pilot, camera feeds risk drawing focus away from radar
and communication - ‘stealing focus’ from the inputs that actually support the task.

‘As-If’ Holism and the Problem of Simulated Presence

Attempts to recreate the ‘full experience’ of being aboard through cameras, VR, motion
simulation, and ambient sound represent what might be called ‘as-if holism’ - the assumption
that safety requires simulating physical presence. This approach produces not genuine
presence but a fragmented collage of sensory inputs. As one pilot put it: ‘It would become
very schizophrenic’ - constantly shifting between being ‘here’ in the NCC and being ‘there’
on the ship.

Camera feeds risk creating what I have elsewhere termed a ‘synthetic position’ - the operator
neither fully present on the vessel nor fully focused on their own instruments and data, but
caught somewhere in between - that is, effectively nowhere. This cognitive state is
demanding and potentially counterproductive. It is more robust to work from one’s actual
position with adequate data than to attempt simulated presence. This is precisely Suchman’s
point about situated action: effectiveness comes not from replicating an ideal vantage point
but from being grounded in one’s actual situation with appropriate resources for the task at
hand. The remote pilot’s potential lies precisely in working from a different position with
different tasks and different but adequate resources.

Visual Observation in Practice

A common assumption holds that direct visual observation - looking out the window,
scanning the horizon - is central to safe navigation. Fieldwork observations suggest a more
complicated picture.

During observations on several vessels, dedicated lookouts rarely communicated with the
officer of the watch, and vice versa. When a remote pilot asked an officer to report what he
saw, the reflex was to consult the radar, not to look out the window. The pilot had to redirect:
‘Out of the window - not the radar’. And later: ‘Let me know when you can see the buoy
visually’. And: ‘Can you see it in the binoculars?’

Bridge design assumes visual primacy - instruments are positioned not to obstruct the
windows - yet in practice, officers often consult radar first. This reflects operational reality:
visibility is frequently limited by fog, haze, darkness, or weather, and instruments provide
more reliable information than the window. Experienced pilots describe radar as their
‘primary place’, with direct observation as supplementary.

The incident described earlier - where a remote pilot identified a collision risk on ECDIS that
the officer had not noticed - illustrates this pattern. The danger was identified through
instruments; direct visual observation by the captain served only to confirm that the situation
had been resolved.



This does not mean that vision is unimportant - but the assumed form of visual work is not as
central as situational awareness discourse suggests. Officers and pilots are looking: at radar
screens, at ECDIS displays, at AIS data. This is visual and sensory work, but instrument-
mediated. The relevant analytical frame is not vision versus non-vision, but the integration of
multiple sensory channels, including instrument-reading, auditory monitoring of radio traffic,
and attention to the rhythm of communication.

Remote pilotage does not remove visual capacity; it reconfigures how visual attention is
distributed. The pilot works with the same radar image available on the bridge. The crew
provides direct visual confirmation when needed. This redistribution proves adequate to the
operational demands of transit pilotage.

8. Relationship, Trust, and Communication Quality

Remote pilotage depends on establishing trust between pilot and bridge team - trust that
cannot be built through physical co-presence but must be created through communication.
Skilled remote pilots attend carefully to this relational dimension. They introduce themselves,
explain what they can and cannot see, check in during quiet periods: ‘It’s not because I'm
silent that I’'m not listening’. Before each remote pilotage, pilot and officer complete a
technical checklist (teknisk tjekliste), confirming instrument setting and communication
functionality through the Communicator interface.

The video link through the Communicator system plays a role here. Though pilots do not
need cameras showing the ship’s surroundings, they benefit from seeing the officer’s face and
posture - and from being seen themselves. Brief visibility - particularly when the bridge is
dark at night - at the start of a pilotage can help establish the relationship. Some technical
adjustments could support this: adequate lighting on the bridge during initial contact, and
continued attention to audio quality and noise reduction.

Communication quality varies considerably. Some bridge crews engage actively; others
respond minimally. Language competence matters. During fieldwork, pilots in several
countries were observed communicating with harbour services and tugboats in their own
language rather than English, leaving bridge crews unable to follow what was being
discussed. Remote pilotage, by contrast, channels all communication through protocols that
the bridge team can monitor.

9. Critical Considerations
While this report supports approval of remote transit pilotage, several areas warrant

continued attention.

Assessment Procedures

During some of the observed trials, pilots for practical reasons needed to assess crew
competence before commencing remote pilotage. This created an observable dynamic: the



same pilot who has just evaluated a crew member’s skills must then work collaboratively
with them. Assessment can feel like examination, potentially affecting the trust necessary for
effective cooperation. Consideration should therefore be given to separating assessment from
operational pilotage, or to transferring assessment responsibility to shipping companies or
training institutions as the system matures beyond the trial phase.

Technical Infrastructure

Remote pilotage currently depends heavily on specific satellite connectivity providers. This
dependency warrants attention. Questions of signal resilience, redundancy, and protection
against spoofing or interference require ongoing technical evaluation (see Louédec et al. 2025
for related research within the ShippingLab project on data transfer resilience). These are not
anthropological concerns, but they emerged in fieldwork conversations and deal with overall
system robustness.

Scope Limitations

Remote pilotage in Danish waters currently involves a small number of vessels from
cooperating shipping companies whose crews have been trained and assessed. Expansion
beyond this group will require attention to crew preparation and system familiarity. The
findings reported here apply to transit pilotage; harbour pilotage presents different demands
regarding visual assessment of distances and manoeuvring in confined spaces.

10. Additional Benefits

Pilot safety: Boarding vessels via pilot ladders remains hazardous, particularly in adverse
weather. Both pilots and crews underscore this risk, since installing the ladders also poses
risks for the crew. Remote pilotage eliminates this risk for transit operations.

Fuel consumption and emissions: Vessels conventionally reduce speed to approximately 7
knots and alter course to create lee for pilot boat rendezvous, then compensate by increasing
speed. As a chief engineer explained, fuel consumption on his vessel increases dramatically
with speed: ‘Going from 10 to 18 knots, you go from 8 to 64 tons of fuel per day’. Pilot boats
also consume fuel for each transfer, and pilots travelling between stations by land add further
emissions. Remote pilotage eliminates these inefficiencies.

Working conditions: Conventional pilotage involves unpredictable schedules, extended
travel between pilot stations (for instance, Skagen to Gedser by car/train), and long waits for
vessel arrivals. As one pilot noted: ‘Personally - it’s unpleasant to wait three hours for a
ship... and we avoid the danger of the ladder. That matters with age’. (Pilots typically enter
the profession after age 40 due to the required years of sailing experience). Remote pilotage
enables more predictable scheduling and reduced travel.

Recruitment: The maritime industry faces an aging workforce. Remote pilotage offers
working conditions more compatible with family/private life and may attract candidates who
would not consider conventional pilotage.
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11. Recommendations

Based on ethnographic research and analysis, this report offers the following observations for
consideration:

1. Transit pilotage: Remote pilotage can be approved for transit operations in Danish waters
under specified conditions. The trial phase has demonstrated safe and efficient operation.

2. Experience requirement: The existing requirement of minimum five years’ conventional
pilotage experience before remote operations reflects the need for extensive local knowledge
and practiced judgment. Remote pilots should also continue conducting conventional pilotage
to maintain skills.

3. Camera systems: Camera systems providing views of the ship’s surroundings should not
be required for transit pilotage. They do not address demonstrated pilot needs and risk
introducing cognitive complications.

4. Shift duration: The reduction to four-hour shifts is an appropriate adaptation to the
cognitive demands of remote operation.

5. Assessment procedures: Crew assessment should where possible be separated from
operational pilotage to avoid compromising the collaborative relationship.

6. Technical adjustments: Continued attention to audio quality, noise reduction, and brief
initial visibility (bridge lighting) would support relationship establishment between pilot and
Crew.

7. Continued evaluation: Ongoing qualitative evaluation is warranted, particularly if remote
pilotage expands to new vessel types, waterways, or operational contexts. Pilots themselves,
who have demonstrated critical awareness of both advantages and limitations of the system,
could contribute valuably to such evaluation.

Conclusion

Remote pilotage represents not a degradation of maritime safety but a reconfiguration of
practice that clarifies role divisions, makes implicit knowledge explicit, and aligns operation
with regulatory intent. The question is not how to recreate physical presence at a distance - an
impossible goal, and one potentially detrimental to safety - but how to design systems that
support the distinct work of remote advisory pilotage.

The anthropological perspective contributes by questioning received concepts, attending to
what practitioners actually do, and recognising that technological change involves
transformation rather than simple loss. Remote pilotage works not despite the absence of
physical presence but through a different configuration of expertise, communication, and
technological mediation that proves adequate to its operational demands.
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