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Abstract— This paper intends to analyse autonomous and
unmanned shipping from a transdisciplinary perspective and
through the prism of COLREGsS, singling out a few elements:
situational awareness, night-time navigation and good
seamanship. The emphasis will be put on regulatory
requirements applicable to such aspects as well as the technical
challenges derived therefrom.
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l. INTRODUCTION

The emergence of unmanned vessels is at the forefront of a
revolution in shipping and navigation practices, promising
new levels of efficiency and safety [1, p. 363 et seq.].
Autonomous and remote shipping does not only represent a
paradigm shift in maritime operations, but it also raises
significant issues in terms of compliance and safety. It is
imperative to ensure that these advanced navigation systems
comply with existing provisions of the law of the sea and
maritime law, such as the International Regulations for the
Prevention of Collisions at Sea (COLREGS) [2]. These rules
date back to 1972 but have a long history, reaching as far back
as the 19™ century. Rules to prevent collisions at sea were
first developed after the introduction of steam-ships, bound
to share the oceans with traditional sailing vessels. This
technical evolution called for new provisions which could
take the increasing speed of new ships into consideration [3,
p. 5, 6].

The COLREGS as they exist nowadays are formulated in a
general manner so as to be applicable to the most situations
[4, p. 512]. This vagueness in turn does not make it possible
to translate COLREGS one to one into algorithms conceived
to apply them blindly [5, p. 5]. Moreover, these rules assume
the presence of a human crew on board, for autonomous and
unmanned vessels were not a reality fifty years ago [6, p.
714]. Thus, the use case underlying this article will be — out
of vessels’ different autonomy levels — the most subversive
one, i.e. that of a vessel functioning fully autonomously,
without a human crew, but whose system is under the
supervision and can be overrode by a Remote Operation
Centre (ROC) in case of danger.
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The potential incompatibilities between unmanned vessels
and COLREGs were already noted by the Maritime Safety
Committee (MSC) of the International Maritime
Organisation (IMO) in their Regulatory Scoping Exercise
(RSE) for the use of Maritime Autonomous Surface Ships
(MASS) [7]. In this RSE, the MSC analysed different IMO
conventions through the prism of different levels of ship
autonomy, the highest one enabling a vessel to make
decisions and determine actions by itself. In that scenario, the
MSC determined the need to amend COLREGS due to issues
related to terminology, lights, shapes and sound signals, the
role of master, the responsibility of the remote operator and
distress signals. [7, p. 86, 87].

In order to delve deeper into some of the issues raised by the
MSC, this article will focus its analysis on three core aspects
of COLREGSs: situational awareness (1), night-time
navigation (1) and good seamanship (lIl). Other elements
could have been discussed, however the choice was made
here to focus on provisions which could prove particularly
difficult to translate into technical terms for autonomous and
unmanned vessels. Other authors chose to centre their
analysis around different themes [3], [5].

For each of this article’s parts, regulatory requirements and
technical challenges will be examined. The analysis of
regulatory requirements will be based on COLREGs but also
on the guidelines on autonomous ships published by
classification societies. As private entities entrusted by flag
States administrations to carry out some of their missions,
classification societies issue ‘empirical standards and [apply]
these standards through [their] licensing and approval
systems’ [8, p. 241]. The rules and guidelines they develop
transpose IMO requirements on autonomous vessels and are
thus highly relevant for this study, for they allow to bridge
older conventions with new disruptive technologies. The
technical challenges are the result of a preliminary work on
this topic, brought by KLEIN and STADERMANN [9]. They
presented their findings in the framework of the Dreizack 23
Conference, held in Laboe, Germany and organised by the
Deutsche Maritime Akademie as well as the Institut fir
Sicherheitspolitik an der Universitét Kiel.



Both the presentation held previously and this article come
within the scope of the MUM-Project, which consists in the
development of a civil, autonomous and modular submarine
[10] and of the LEAS-Project, which aims at designing,
implementing and demonstrating an Al-based landside
support system for mixed traffic of autonomous and
conventional vessels [11]. This article’s authors carry out
legal research in the framework of these projects and
stumbled upon specific issues which have not been developed
extensively in the relevant literature, i.e. the compliance of
autonomous and unmanned vessels with COLREGs. This
observation gave rise to the conception of this article.

Il.  SITUATIONAL AWARENESS

A. Regulatory requirements

A central provision within the COLREGs when it comes to
situational awareness is Rule 5 on Look-out which states:

Every vessel shall at all times maintain a proper look-out
by sight and hearing as well as by all available means
appropriate in the prevailing circumstances and
conditions so as to make a full appraisal of the situation
and of the risk of collision.

As mentioned earlier, the COLREGs were drafted with the
assumption of a human crew on board [6, p. 714]. Thus, the
question can be raised whether the wording ‘sight and
hearing” in Rule 5 can also be extended to autonomous
systems’ sensors on board an unmanned vessel. It should be
noted that even nowadays, seafarers also rely on technical
means to obtain information about their surroundings.
WROBEL et al. explain that radars and Automatic
Identification Systems (AIS) are capable of complementing
human senses in this regard [5, p. 7, 8].

Authors who wrote on the subject generally agree that Rule 5
can accommodate ‘sight and hearing’ to be carried out by
technical means, however their opinions differ on the
methodological means to enact the shift in how the provision
is to be read. ZHou et al. argue that even if ‘computer vision’
can fulfil the ‘sight and hearing’ requirement of Rule 5, an
amendment of the provision is necessary to take in technical
novelties [6, p. 716, 717]. Authors such as STEPIEN and
TROWERS indicate that Rule 5 can be interpreted so as to
encompass technical means to fulfil situational awareness [3,
p. 8], [12, p. 231, 232]. This is due in part to the vague
wording of the provision and the fact that there is no legal
definition to ‘sight and hearing’ to be found in the COLREGs
[3,p.7,8]

In the context of situational awareness, the guidelines
published by classification societies are essential to
understand what could come to be expected from autonomous
and unmanned vessels. It can be observed that the standards
contained in such rules are quite high and tend to replace
entirely the human senses on board [13, p. 87]. For instance,
on top of requiring a 360° field of vision around the vessel
[13, p. 54], Det Norske Veritas (DNV) establishes the
following:

In order to obtain an equivalent capability for the remote
operator to detect objects, the image transmission would
need to be continuous with resolution, frame-rate, colour
depth and field of view providing an equivalent level of

detection capability compared to a manned bridge [13, p.
56].

Bureau Veritas expects the sensors to detect a life raft or a
person in the water up to several hectometres [14, p. 26].

B. Technical challenges

The previous part established that there are high standards to
be upheld by autonomous and unmanned vessels when it
comes to situational awareness. The numerous technical
challenges existing to the application of such requirements as
well as the resulting estimations have been delineated in one
of these authors’ preliminary study [9].

The main technical challenges outlined here are linked to the
necessity to distinguish distant objects at sea, such as buoys,
lighthouses, persons in distress or different ships’ types. This
can only be ensured by complex camera systems providing a
360° look-out with a very high resolution. If it is to be
assumed that the sensors should be able to detect objects as
far as 5 kilometres (km) with a resolution of over 100
Megapixels (MP) and that a fluid video stream in the ROC
would require 30 frames per second (FPS), the resulting data
rate would comprise around 150 Megabits per second (Mbit)
[9, p. 38, 39]. This represents a considerable amount of data
that no satellite or middle range radio cell can accommodate,
even when taking modern compression algorithms into
consideration [9, p. 39].

The delay in the information transmission from the vessel to
the ROC should also be considered. If the ship finds itself in
an emergency situation pushing the personnel on shore to
override the system, they could only do so considering in turn
some steerage delay. Such low flexibility in the response to
be brought to a potential danger cannot guarantee the ship’s
safety [3, p. 8].

The classification society DNV is aware of these issues and
made the following observation regarding the enormous
quantity of raw data that a continuous video stream would
represent:

This is believed to be a challenging solution for a whole
voyage, considering latency and the capacity limitations
in communication links. It may however be relevant for
parts of a voyage, e.g. for docking operations [13, p. 56].

I1l.  NIGHT-TIME NAVIGATION AND DETECTION

A. Regulatory requirements

Night-time navigation proves to be more challenging due to
the lack of visibility. In this situation, seafarers have to rely
on light signals emitted by other vessels. There are numerous
provisions throughout COLREGs which give insights into
how to navigate safely by night, for instance:

- Rule 13(b) on Overtaking indicates that a vessel is
deemed to be overtaking if only its sternlight is
visible but neither of the sidelights.

- Rule 14(b) on Head-on situations establishes that a
vessel is deemed to arrive head-on if its masthead
lights are to be seen in a line and/or its sidelights.

- Part C gives indications on lights and signals
depending on ships’ types and sizes.



- Part D contains rules on light signals (different
flashes, colours, positions) to be addressed to other
vessels in order to warn them or draw attention.

None of the aforementioned provisions expressly require the
detection of light signals by the human eye, which leads
authors to reach the conclusion that here too, nothing speaks
against sensors observing such signals. STEPIEN indicates for
example that the wording ‘to see only the sternlight’ in Rule
13(b) is not defined to only be carried out by humans [3, p.
7]. Thus, autonomous and unmanned vessels can
theoretically uphold these standards.

In the context of signals at sea, another organisation should
be mentioned: The International Association of Marine Aids
to Navigation and Lighthouse Authorities (IALA). This
organisation issued a recommendation on Maritime Buoyage
Systems (MBS) which establishes different indications at sea
thanks to buoys and corresponding light signals in the night-
time. Such signals have different colours and rhythmic
characteristics which should be recognised by vessels in their
surroundings [15, p. 8].

The classification society DNV gave some insight into the
application of such rules to autonomous and unmanned
vessels, writing:

It shall be possible to detect and recognise lights and
shapes as described in COLREG Part C, and sound and
light signals as described in COLREG Part D [13, p. 54].

It shall be possible to detect all external objects of interest
for safe navigation, such as ships, buoys and lighthouses
in any direction when the vessel is pitching and rolling
[13, p. 54].

Both citations establish that autonomous and unmanned
vessels should be able to uphold standards contained both in
COLREGs and in IALA recommendations, so as to recognise
the types of vessels encountered as well as to be made aware
of potential dangers at sea.

B. Technical challenges

The technical challenges faced by autonomous and
unmanned vessels in the context of night-time navigation and
detection are twofold. They are of a spatial and of a temporal
nature.

Challenges from a spatial perspective are related to the ability
a vessel must have to identify a light signal in spite of bad sea
conditions. If the ship is pitching and rolling, the sensors may
have difficulties singling out a light signal when its position
changes [9, p. 40]. The autonomous system should be able
not to consider a single light source from different angles as
distinct signals.

Temporal challenges are a consequence of some of the
COLREGs and IALA rules presented earlier. Depending on
the message to be transmitted, a light signal may showcase a
special rhythmic frequency. For instance, the light signal
corresponding to Preferred Channel marks consist in two plus
one flashing [15, p. 11]. An autonomous system should thus
be able to capture the signal over an extended period of time,
attribute meaning to it and decide whether they belong to
single, multiple or related objects. Indeed, there is a risk to
understand two flashings as distinct signals when they

actually belong to the same frequency [9, p. 40]. It should
also be noted that many of these light signals have different
colours which should also be differentiated by the sensors.
For instance, the Preferred Channel marks mentioned earlier
can be red or green [15, p. 11]. Issues related to bad sea
conditions mentioned in the previous paragraph also apply
here.

The difficulties mentioned in this part speak for the existence
of a form of plausibility check in order to ensure the accuracy
of the signal detected by the sensors. This could be done
crossing information with AIS or nautical charts, which
requires the integration of data from multiple sensors (data
fusion) and the use of accurate vessel positioning information
to ensure reliable detection and identification. The ability of
unmanned vessels to meet these night-time navigation
challenges depends on the development of sophisticated
sensor systems and algorithms that can adapt to the
complexities of the maritime environment, ensuring safety
and compliance with navigation rules. [9, p. 40].

IV. GOOD SEAMANSHIP

A. Regulatory requirements

Removing the human element from decision-making on
board a ship will also raise uncertainties with regard to the
role traditionally endorsed by the master and the crew in the
framework of COLREGsS, as based on their experience as
seafarers. Indeed, those rules do not only entail provisions
requiring precise courses of action. They are also infused by
another less precise concept, more difficult to grasp: that of
good seamanship. This notion, also found in literature on the
topic, can be mentioned in COLREGS as ‘ordinary practice
of seamen’. Both wordings are synonymous [12, p. 229].

Some of the COLREGs provisions relying on good
seamanship are the following:

- Rule 2(a) establishes the responsibility of the master
or the crew to observe ‘the ordinary practice of
seamen’ even when COLREGS provisions are silent
on a specific situation [16, p. 323].

- Rule 2(b) allows seafarers to depart from COLREGs
provisions in order ‘to avoid immediate danger’. In
doing so, seafarers should ‘exercise [their] best
judgement’ [17, p. 8, 9]

- Rule 8 mentions actions to avoid collision, which
have to be carried out ‘with due regard to the
observance of good seamanship’.

Even when the term good seamanship itself is not mentioned
expressively, the application of several provisions depends
directly on acting upon that concept, such as Rule 7 on Risk
of collision, Rule 13 on Overtaking or Rule 17 on Action by
stand-on vessel [12, p. 228-239], [16, p. 323, 324], [17, p. 6,
7].

With the mention of these few provisions, it has been
established that good seamanship is a central element to
COLREGS. ZHou et al. even describe that concept as ‘the
spiritual core running through COLREGS’ [6, p. 720]. Indeed,
good seamanship intervenes ‘where there is not a clear
answer on how a vessel should operate in a specific situation’
[12, p. 229]. However, no clear definition of the notion is to



be found throughout these rules. Indeed, a single universally
accepted definition does not exist [18, p. 4551]. TROWERS
defines good seamanship in the following terms:

Good seamanship refers to the skill and knowledge of a
master and his crew in the work of navigating,
maintaining, and operating a vessel. The standard of good
seamanship that is required internationally is that of the
average good master and crew. There is no requirement
that a good seaman should have an extraordinary ability
or unusually high degree of care and caution [12, p. 228].

Other authors choose to base their understanding of good
seamanship on empirical elements instead, for several
characteristics may exist, depending on different seafarers’
perspectives. [18, p. 4551]. In a study led by AALBERG and
BYE amongst a wide variety of seafarers, a few key elements
emerge as constitutive of good seamanship [18]. For instance,
safety onboard is viewed as the most important characteristic,
i.e. the necessity for the crew to act responsibly [18, p. 4554].
Other elements such as the interactions and cooperation
between crewmembers, or the skills and knowledge
showcased by them are also essential to good seamanship
[18, p. 4554].

The answers given by the respondents in the framework of
this analysis depend strongly on the seafarers’ age, the
position they occupy on board or the type of vessel they
operate on. For instance, younger seafarers seem not to
consider good seamanship as important as their older
counterparts. This tendency seems to also be correlated with
the use of modern technologies on board: the more seafarers
are versed into the handling of complex modern equipment,
the less good seamanship appears to be relevant [18, p. 4552].

This observation implies that good seamanship is an evolving
notion, dependent on technical developments within the
seafaring world. The perspective taken by classification
societies in the context of good seamanship and autonomous
vessels seems to follow this consideration. Indeed, among the
twelve members of the International Association of
Classification Societies (IACS), the mentions made to good
seamanship in guidelines on autonomous vessels are scarce.
However, when this concept is mentioned, it is done so in
relation to remote operation centres and their personnel.

Bureau Veritas writes for instance in their Guidelines for
Autonomous Shipping:

It is the crew and remote operators’ responsibility to load
and operate the ship in a proper manner.

In particular, it will be assumed that:

o [...]

e the speed and course of the ship are adapted to
the prevailing sea and weather conditions
according to the normal prudent seamanship [14,
p. 25].

Mention is made here to ‘normal prudent seamanship’, which
is not defined in the guidelines but can be assumed to
correspond to what is coined in this article as good
seamanship. Bureau Veritas expects here remote operators to
hold themselves to ‘normal prudent seamanship’ when
adapting the speed and course of the vessel. Going back to

the defining elements of good seamanship detailed earlier, it
seems Bureau Veritas understands safety to be at the core of
this notion.

The American Bureau of Shipping (ABS) also mentions good
seamanship in their Guide for Autonomous and Remote-
Control Functions:

The context of current regulatory guidance differs from
the highly automated environment, but the remote
operator must meet communications, timeliness of
response, safety, and General Prudential Rule and Rule of
Good Seamanship requirements at all times [19, p. 31].

Here, the requirement for remote operators to apply rules of
good seamanship is worded more generally than in Bureau
Veritas’ guidelines. In either case, this concept is still meant
to apply to humans and not the autonomous system in itself.
This aspect departs from the scenario chosen for this article,
according to which the vessel acts fully autonomously and the
ROC’s override only occurs exceptionally.

B. Technical challenges

The main challenges when it comes to translate good
seamanship into technical processes based on autonomous
decision-making reside in the lack of a proper legal
definition. In an attempt to evaluate different planning
strategies for autonomous ships in multi-vessel encounters,
STANKIEWICZ et al. understand good seamanship through the
lens of two characteristics: the ability to reduce risks of
collisions and to take early and appropriate actions [20, p.
8310]. In general, authors working on the incorporation of
collisions avoidance mechanisms into autonomous vessels’
systems tend to base their reflexion on chosen provisions of
COLREGs, leaving out essential parts of these rules such as
good seamanship [6, p. 713].

If it were possible to summarise the concept of good
seamanship to a set of well-rounded provisions and courses
of action, developing a rule-based process, knowing when
and how to apply them autonomously given a specific set of
circumstances should not represent an insurmountable
challenge [12, p. 230]. However, as seen in the previous part,
good seamanship can hardly be boiled down to only a few
characteristics, for they also encompass a wide array of
behaviours and wunwritten rules based on seafarers’
experience. Accordingly, a model driven by the influx of
data, on which basis the autonomous system could process
new experiences and learn from them could be considered
[21, p. 3]. This could for instance take the shape of an Al
based on machine-learning [5, p. 5]. A third way could
consist in a hybrid model which would rely on pre-set rules
as well as a certain quantity of data helping the system to
make decisions. There are still many technical challenges to
be faced with such a solution. Indeed, the many data to be fed
to the system will have to be based on human experience.
This will require developers to be accompanied in that
process by personnel showcasing the qualities of ‘good
seafarers.” Moreover, the decisions made by the system will
be hardly traceable, which could hamper the societal
acceptance of autonomous and unmanned vessels [21, p. 4,
9].



All in all, from a technical perspective, good seamanship as
applied by an autonomous system seems to remain a blind
spot, worthy of deepened research. The question of whether
it is reasonable to even try and transpose good seamanship
requirements to fully autonomous vessels shall remain
difficult to answer. Indeed, this would require developers to
come up with systems able to apply good seamanship, when
such developers are not expected and have no reason to
display seafarers’ qualities in the first place [5, p. 5]. Authors
such as ZHou et al., defend the point of view that in applying
Rule 2 of COLREGs on seafarers’ responsibility to observe
‘the ordinary practice of seamen’ among other things, human
intervention will always be required in decision making [6, p.
715]. It also seems to be the route chosen by classification
societies, as seen earlier, which choose to transpose the duty
of good seamanship to the ROC personnel. KOMIANOS also
expects them to showcase such qualities when overseeing
autonomous vessels [22, p. 342].

It will be interesting to witness how this concept, strongly
based on an experience in seafaring, will be translated into
the skills and behaviours expected from the land-based
personnel of the ROC, arguably very different from those of
a ship’s crew. It could be imaginable that only personnel who
have been at sea could assume tasks in the ROC, so as to
ensure their upholding of good seamanship principles.
However, in order for the ROC personnel to act based on the
good seamanship requirements, the technical challenges
detailed earlier linked to situational awareness and data
transmission will also need to be addressed so as to ensure a
speedy reaction in a dangerous environment.

V. CONCLUSION

Different findings were made throughout this article.
Depending on the focus chosen, the inadequacy of COLREGS
in the face of technical novelties brought about by
autonomous and unmanned vessels was shown.

First, with regard to situational awareness, even if this
article’s authors and other insights throughout literature on
the topic seem to indicate that COLREGs’ ‘sight and hearing’
can be interpreted broadly so as to encompass technical
means, there is dissent on how to proceed in the future. Some
authors argue that a revision of Rule 5 is necessary [6, p. 716,
717], when others seem to rely on interpretation but recall the
strong technical limitations still existing [3, p. 8]. The
technical challenges were explained in this article. In this
regard, authors argue that a human intervention will always
be necessary at last resort [22, p. 342], even if tools such as
radars or AIS could complement the expertise of seafarers as
it is already the case nowadays [5, p. 8].

Second, when it comes to night-time navigation and
detection, the article has shown that many different light
signals have to be recognised by autonomous and unmanned
vessels, may they be emitted by other ships or by objects such
as buoys or lighthouses. In fact, many signals to be found at
sea are overlooked by seafarers who can rely on the
technology on board such as radars or AIS. The reason for
this is the speed at which modern vessels can navigate,
making a timely response to a potential collision complicated
[3, p. 10], [5, p. 8]. Thus, despite the technical challenges
detailed earlier, it can be observed that with regard to night-

time navigation, seafarers already rely heavily on technical
means. There may also be some dangers for conventional
vessels when encountering autonomous and unmanned
vessels at night. In such a scenario, STEPIEN suggests that
such ships be equipped with a specific light signal for other
seafarers to identify [3, p. 10].

Third, it was also established in this article that only a system
based on data-input, so as to make its own decisions could
accommodate good seamanship, for it would showcase the
ability to learn from its mistakes, the same way a seafarer
would. Only then could it be said from the autonomous
system that it is building some sort of experience, insofar as
it would be possible for such a system to do so. However, a
hybrid system functioning thanks to a set of pre-established
rules should also come into consideration. Indeed, if there are
some rules known to all seafarers based on good seamanship,
these could already be fed to the system and would not have
to be learnt artificially. Such a hybrid system would allow
more transparency in the decision-making process [21, p. 9].

Yet, building experience necessarily implies that mistakes
will be made. As long as they do not pose a threat to human
lives, it is acceptable to assume that seafarers make such
mistakes, from which they will learn and will not reproduce
[5, p. 5]. However, when it comes to autonomous systems,
interrogations may rise from an ethical and societal
acceptance perspective. Whether operators or users can
accept a certain margin of errors committed by autonomous
systems remains to be answered. If that were not to be the
case, it would appear that, in a maritime context, such
systems are held to higher standards than human seafarers.

In the context of good seamanship, other questions will be
raised such as the evolving nature of that concept, strongly
influenced by seafarers themselves [18, p. 4551]. Whether
new seafaring practices will bring about the extension of the
requirements linked to good seamanship to the on-shore
personnel, remains to be answered. ZHou et al. seem to
accept this idea. However, they warn about the uncertainties
this could raise when it comes to responsibility. Whether Rule
2 of COLREGs could also come to apply to ‘shore-based
operators, software developers and system producers’
remains to be analysed [6, p. 714].

Overall, it appears that technology as it exists nowadays
cannot quite meet the requirements expected from
autonomous and unmanned vessels. Ways out of this are
further technical developments or regulatory amendments so
as to accommodate the novelties brought about by
autonomous shipping. The COLREGs have already
undergone amendments in the past to welcome new
technologies, such as steam-ships. However, aside from
minor changes, it has been fifty years since the last significant
revision of COLREGsS [3, p. 5, 6], [4, p. 512], [23, p. 235].
STEPIEN is a strong proponent of a revision of COLREGS. She
argues that it would benefit both autonomous and
conventional vessels. The latter are — according to her — also
impacted by the rules’ vagueness. This could be an
opportunity to introduce new concepts into COLREGS such
as the ROC and its personnel [3, p. 1, 8].

However, when integrating autonomous and unmanned
vessels into the COLREGS, one should be wary of trying to



uphold such ships to the exact same standards as those
expected from a crew and its master. Here, an approach based
on the specificities of autonomous and unmanned vessels
could prove more interesting, instead of trying to replace
human senses artificially. Indeed, where seafarers are
superior to autonomous systems for they can rely on their
senses and experience in dangerous situations, a machine
does not have to fight tiredness or attention lacking.
Obviously, this paradigm shift shall not undermine the
legitimately high safety standards by which conventional
vessels are bound, in order to push the introduction of
autonomous and unmanned vessels at all costs.
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