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Abstract

International interest in Maritime Autonomous Surface Ships (MASS) is on the rise.
This exploratory research presents insights of a sample of licensed deck officers
(LDOs) regarding the potential future of the Collision Avoidance Regulations (COL-
REGs) with the implementation of MASS. At present, there is much discussion in
the maritime industry on if and how the COLREGs will need to be amended to be
able to be applied to MASS. Limited research is published from the key perspec-
tive of the LDO. Qualitative and quantitative methods are used, including a litera-
ture review and a multiple-choice survey. Data is analyzed via descriptive statistics,
and commonalities within the results are investigated as well as years of experience
with practicing the COLREGs. Results show that many barriers exist when applying
the COLREGs to MASS, and minor amendments to certain terms and definitions
are recommended. Moreover, the COLREGs should not be quantified, and MASS
should be identifiable from other vessels. LDOs with more experience with practic-
ing the COLREGs are found to be slightly more open to changing the rules versus
LDOs with less experience. When compared to the results of the International Mari-
time Organization’s regulatory scoping exercise, the results of this study are found
to be in congruence. This research provides valuable insights for the ongoing discus-
sion of the future of MASS operation in the maritime industry.
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1 Introduction

Maritime Autonomous Surface Ships (MASS) are expected to be the next major step
in the shipping industry (Sharma et al. 2019). Various autonomous shipping pro-
jects and technologies are continually being developed and tested around the world
(Mallam et al. 2020; Fan et al. 2021; Kim and Schroder-Hinrichs 2021). As MASS
research proliferates, International Maritime Organization (IMO) instruments such
as the Collision Avoidance Regulations (COLREGs) need to be examined as bar-
riers are created when these rules of navigation are applied to autonomous ships
(Perera 2019; Chang et al. 2020; Zhou et al. 2020; Rivkin 2021). Current collision
avoidance systems are not always fully COLREGs compliant (Lyu and Yin 2019),
especially during complex navigation scenarios (Johansen et al. 2016). Amendments
to the COLREGs are needed to allow for MASS operation (Komianos 2018; Tim-
brell 2019). Further guidance and clarification should be provided (Ringbom 2019).

The future of the COLREGsS is unknown (Porathe 2019). Limited studies have
analyzed COLREG barriers to MASS in great detail (Zhou et al. 2020). This
study aims at filling this gap by contributing valuable insights regarding the
future of the COLREGs with MASS implementation from the perspective of a
sample of licensed deck officers (LDOs). This perspective is relevant as LDOs
are COLREG subject matter experts (SMEs) (Silveira et al. 2021), and MASS
will need to be operated by competent mariners (Ghaderi 2019). Mariners are
the most important element for the safety of navigation of ships (Francis 2019).
LDOs, among other stakeholders, should be included and collaborated with for
MASS legal, training, and operational implications (Goerlandt 2020). During the
time of this study, limited research has been published from this key perspective
regarding the future of the COLREGs and MASS.

This research first uses a literature review to identify potential barriers to the
COLREGs with MASS implementation as well as proposed solutions to these
barriers. After having reviewed dozens of sources, eight references consisting of
two reports, one thesis, and five journal articles were chosen based on subject
relevance, method, data analysis, and research pool. Next, two to three SMEs dis-
cussed the findings of the literature review and created a multiple-choice survey
specifically for LDOs to complete. This survey presented the original COLREGs
and proposed amendments and asked participants which option is better at pre-
serving the safety of navigation in a sailing environment that includes MASS
operating at degree 3 or 4. Quantitative data from the survey was analyzed via
descriptive statistics. Optional text boxes after each survey question added depth
to the survey results. Majority, minority, and average survey responses across all
questions were reviewed for commonalities, consistencies, and trends, and to see
if LDOs are open to change or if years of experience with practicing the COL-
REGs have any impact on the results. Results are also compared to the results of
the IMO’s regulatory scoping exercise (RSE). The RSE has recently been con-
ducted to assess how the COLREGs may be affected with MASS implementation
by identifying all gaps, themes, and assumptions and provides guidance to iden-
tify further work (International Maritime Organization 2021).
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This paper is structured as follows. In Sect. 2, background to this topic is given.
Section 3 presents the research approach, and Sect. 4 provides the results. Section 5
presents the discussion, limitations of the research, and recommendations for further
research. Section 6 offers the conclusion of this research.

2 Background
2.1 COLREGs

The COLREGs define compulsory navigational rules for vessels to avoid collision.
The first recorded reference to a rule of sailing dates back to a signal book by Admi-
ral Lord Richard Howe in 1776 (Kemp 1976). The following century, basic rules of
navigation incorporating steamships were suggested by the London Trinity House
Corporation (Kemp 1976). By 1864, the United Kingdom (UK) and the French gov-
ernment created a standard set of rules that were adopted by over 30 countries (Wer-
ner 2017). The COLREGs that we know today were adopted as a convention by the
IMO in 1972 and put into force in 1977 to replace the older 1960 Collision Regula-
tions (International Maritime Organization 2019b). There have been multiple minor
amendments to the COLREGs since, which is the responsibility of IMO’s Maritime
Safety Committee (MSC). The latest set of amendments was adopted in 2013 and
put into force in 2016. These amendments added Part F to rules 39, 40, and 41,
which introduced definitions and regulation addressing audits and the IMO Instru-
ments Implementation Code (International Maritime Organization 2019a).

Today, a total of 41 rules apply to “all vessels upon the high seas and in all waters
connected therewith navigable by seagoing vessels” (USCG and US DOT 2004).
They have been adapted by dozens of countries worldwide and cover everything
from how to properly illuminate a vessel engaged in mine clearance operations to
rules regarding the take-off and landing of wing-in-ground (WIG) craft. Six parts
cover steering and sailing rules, lights, shapes, sound signals, and exemptions while
four annexes detail topics such as the technical positions of lights and recognized
distress signals to be used during an emergency (USCG and US DOT 2004). The
COLREGs are also divided into international and inland rules. Inland rules have
slight differences compared to the international rules and apply to vessels in inland
waters of the USA as well as on the Canadian side of the Great Lakes (USCG and
US DOT 2004).

The COLREGs are taught at maritime institutions around the world, often mem-
orized verbatim by sailors in training. They are vital for the safety of navigation
(Ugurlu and Cicek 2022) and should be properly executed to avoid collision (Perera
2019). As they are written as a legal document, the COLREGs can be considered
ambiguous with some rules left up to interpretation. This can lead to human error
(Demirel and Bayer 2015; Mohovié et al. 2015).
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2.2 COLREGs, navigational casualties, and human error

One of the main driving forces behind the promulgation of MASS is the possi-
bility of reducing maritime accidents caused by human error (Ahvenjirvi 2016;
Yoshida et al. 2021). Human error is a predominant factor in causing navigational
casualties, which are characterized as collisions or groundings (Mohovi¢ et al.
2015). LDOs are found to be the primary cause of these types of accidents (Euro-
pean Maritime Safety Agency 2018). Fatigue of onboard officers is found to be
one contributing factor (Rothblum et al. 2002).

Some experts also identify the misunderstanding, interpretation, or incorrect
use of the COLREGs as another main contributing factor to navigational casual-
ties (Demirel and Bayer 2015; Mohovi¢ et al. 2015). Seafarers with a poor the-
oretical knowledge of the COLREGs who were involved in an accident have a
233.8% higher probability of being involved in an accident of high severity (Wang
et al. 2021). The Avoiding Collisions at Sea (ACTs) project, funded by the EU
Leonardo Program and involving roughly 1500 participants from multiple coun-
tries, concluded that the rules are not easy to understand or apply (Ziarati et al.
2019). It was also found that experienced mariners have a better understanding
of the COLREGSs by 15% compared to inexperienced mariners (Mohovié et al.
2015). Literature for learning the rules as well as the rules themselves should be
clarified (Mohovi¢ et al. 2015).

The understanding and practice of the COLREGs is paramount to the mariner
in order to avoid navigational casualties. Hence, it is important to keep LDOs in
the conversation regarding the future of the COLREGs when applied to MASS.

2.3 MASS

Autonomous shipping is an important and significant topic for the maritime
industry (Fonseca et al. 2019). Many maritime institutions are interested in how
and when MASS will be fully integrated (Kim and Schréder-Hinrichs 2021). A
study conducted in 2019 by the World Maritime University (WMU) predicted
that human supervised autonomous vessels will reach between 11 and 17% of
global shipping by 2040 (Schroder-Hinrichs et al. 2019). Aside from human
error reduction, another main driving force behind MASS exploration is financial
savings (Ahvenjiarvi 2016). Technical or operational solutions such as building
larger ships and reducing ship speed have reached their limitation to overcome
economic, social, and environmental challenges (Gu 2019). MASS is a potential
cure for current difficulties facing the maritime sector (Kretschmann et al. 2017).
Moreover, societal advantages could be gained from autonomous shipping. It is
believed that the potential flexibility of operations brought on by autonomous
technologies could improve service coverage for distribution of goods (Gu 2019).
The supply chain could be optimized; ship fuel usage could be reduced along with
ship food waste, garbage disposal, and sewage; and there is potential for improved
infrastructure for areas of dense traffic (Danish Maritime Authority 2017).
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IMO’s MSC has defined MASS and four degrees of autonomy. Degree 1 is a
ship with automated processes and decision support with seafarers onboard that
can take over control of the vessel. Degree 2 is a ship that is remotely controlled
with seafarers on board that can take over the control of the vessel. Degree 3 is a
remotely controlled ship without seafarers on board. Degree 4 is a fully autono-
mous ship that makes decisions on its own (International Maritime Organization
2021). It is generally agreed that MASS, while operating at degree 2, 3, or 4,
can be monitored and controlled shoreside by a shore control center (SCC) (Zhou
et al. 2020). SCC is synonymous with the term remote control center (RCC)
(Dybvik et al. 2020).

A multitude of MASS projects are recently completed, ongoing, or being
developed around the globe (Kim and Schroder-Hinrichs 2021). For example,
NOVIMAR (Novel Inland Water Transport and Maritime Transport Concepts)
has been developed for short sea shipping and inland waterways. This concept
reduces manning and increases automation by using a vessel train concept where
one fully crewed lead vessel (LV) is digitally linked to minimally crewed fol-
lower vessels (FV) via remote control (Colling and Hekkenberg 2019). Japan’s
Mitsui Osk Lines (MOL) is testing to improve autonomous docking/undocking
operations of passenger ferries and aims at bringing autonomous shipping online
as early as 2025 to reduce human error-related marine accidents and to relieve
crews’ workload (Bergman 2018). The zero emission battery-powered YARA
BIRKELAND is designed for short sea shipping (Fonseca et al. 2019). It will
be operational in 2022 (Nordal 2021) and aims at taking 40,000 trucks annually
off the road in Norway (Kosowatz 2019). In 2021, the Belgian company Sea-
far conducted trials with its semi-autonomous vessel DESEO between Antwerp
and Zeebruges. This small cargo vessel owned by Wennick has the capability of
being controlled from shore via its RCC. During these trials, it still has minimal
crew onboard for safety concerns (The Maritime Executive 2021). The “Design-
ing the Future of Full Autonomous Ship” (DFFAS) project recently constructed a
fleet operation center in Japan, where it will control MASS by 2025 (Zhang et al.
2021). China’s 300 TEU containership ZHI FEI started sailing short distances
between two of China’s ports at the end of 2021. This vessel can be operated
remotely, autonomously, or with people onboard. If trials are proven successful,
the intent is to develop a larger autonomous ship of 10,000 TEU (Rivkin 2021).
The UK’s Mayflower Autonomous Ship (MAS) is in the process of recreating the
original wooden three-mast Mayflower’s historical journey across the Atlantic,
but this time fully autonomous (Anderson 2020).

These projects among many others are helping to shape the future of the mari-
time industry. This sample list indicates that MASS projects vary greatly. They
are being developed by different nations and by a multitude of institutions. Each
project is on its own trajectory, but all MASS, as ocean going vessels, will have
to follow the COLREGs (Perera 2019). LDOs should be familiar with the differ-
ent types of projects that are currently underway as they may interact with them
now at sea, as well as all parties involved in the process of amending the COL-
REGs to better shape the rules of navigation for the future.
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2.4 COLREGs and MASS

Collision avoidance systems have the technology to navigate within the COL-
REGs (Ning et al. 2020; Shaobo et al. 2020). However, as the COLREGs are
written for manned vessels, some of the current rules present problems (Porathe
2019; Pedersen et al. 2020). Many SMEs believe that the COLREGs need to be
amended for MASS implementation as they cannot fully comply as they are cur-
rently written (Komianos 2018; Hirst 2020; Rivkin 2021). According to Zhou
et al. (2020), they should be amended, but not substantially changed. On the other
hand, as the first generation of MASS will be in a mixed environment of both
humans and autonomous systems, some SMEs believe that MASS should sim-
ply follow existing rules (Perera and Bjorn-Morten 2019). Others believe that to
further avoid collision, attention should be focused more on how COLREGs are
taught and applied and less on how they should be changed (Hirst 2020).

One standing issue of applying the COLREGs to MASS is that the COLREGs
are often ambiguous depending on the situation (Porathe 2018; Rivkin 2021).
For example, the interpretation of “early,” “substantial,” “as soon as it becomes
apparent,” “finds herself so close that collision cannot be avoided by the action
of the give-way vessel alone,” “action as will best aid to avoid collision,” and
“if the circumstances at the case admit” are left up to the interpretation of the
person navigating the vessel (Porathe 2019). Algorithms for COLREG execution
have been known to be necessary to solve some of these issues and ambiguities,
but proposed solutions vary and they are still in the research stage (Blanke et al.
2017). Many of these initial collision avoidance algorithms are applicable to sin-
gle ship-to-ship encounters which can limit their use (Lyu and Yin 2019; Cho
et al. 2020). MASS performance standards should be expanded upon to incorpo-
rate multiple ship scenarios (Perera 2019).

The MASS UK Code of Practice is currently used as a voluntary guide for MASS
trials in the UK and in Europe. This code was created by the UK Maritime Auton-
omous Systems Regulatory Working Group (MASRWG), which engages with the
IMO and aims at providing documents for eventual international adaptation (Mari-
time UK 2019). This code recommends that MASS control systems should be capa-
ble of compliance, should be able to maneuver within appropriate interpretation of
the COLREGs, and should have proper sounds and shapes onboard. During failures
and emergencies, MASS should maintain a safe course and speed as defined within
the rules. Also, operators should have a clear understanding of all IMO instruments
(Maritime UK 2019).

A report published in November 2020 by the Ministry of Transport and Com-
munications in Helsinki, Finland, stated that the COLREGs present challenges for
increased ship automation, and that it would be beneficial for certain parts to be
clarified to address these challenges. Some rules that provide difficulties are the fol-
lowing: the ordinary practice of seamen (rule 2), maintaining a proper lookout (rule
5), and safe speed (rule 6) (Ringbom et al. 2020). This report does recommend that
MASS comply with the COLREGs as any other manned vessel, and regulations
governing MASS navigational systems should place COLREG compliance as a top
priority (Ringbom et al. 2020).
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The COLREGs need to be further investigated with the implementation of
MASS. As LDOs have first-hand experience with practicing the COLREGS, and
will most likely control MASS as remote control operators (RCOs) from an RCC
(Burmeister et al. 2014), it would be prudent to investigate their point of view.

2.5 Regulatory scoping exercise

IMO decided that it will take a proactive role when it comes to MASS development
and regulation (International Maritime Organization 2017). Their strategic plan for
2018-2023 includes the integration of “new and advancing technologies into its
regulatory framework™ (International Maritime Organization 2018). IMO’s MSC,
the subgroup responsible for all safety, security, and human element issues within
IMO’s scope, periodically establishes sessions to address these issues. MSC’s 99th
session validated a framework to execute a two-step RSE to address IMO conven-
tions and MASS (International Maritime Organization 2020).

This two-step RSE addresses a large range of issues including maritime safety,
security, human factors, marine environmental protection, port interaction, and lia-
bility regarding autonomous shipping (International Maritime Organization 2021).
The first step of the RSE was to identify all gaps, themes, and assumptions of MASS
for all degrees of autonomy within applicable IMO codes and treaties (Jo et al.
2020). The COLREG instrument was reviewed by multiple Human Factors Working
Groups (HFW) from the Marshall Islands and from the supporting member states,
being China, Japan, Singapore, Spain, Sweden, and the USA. The first step of the
RSE was completed and presented at the IMO headquarters in London, England,
on 2-5 September 2019 with 44 Member States in attendance (International Mari-
time Organization 2019c). Also present were the European Commission (EC), the
International Hydrographic Organization (IHO), the International Mobile Satellite
Organization (IMSO), and many members from other non-governmental organiza-
tions (NGOs). The second step of the RSE was to determine recommendations for
the gaps, themes, and assumptions that were found in step one (International Mari-
time Organization 2021). This step was completed by MSC’s 103rd session which
concluded on 14 May 2021. This session approved the “Outcome of the RSE for use
of MASS,” which assesses how existing conventions may be affected with MASS
implementation. It also provides guidance to identify further work. This second step
identified the COLREGs as a high-priority instrument, and the following common
potential gaps and/or themes were established: meaning of the terms master, crew, or
responsible person; watchkeeping; and terminology within the COLREGs (Interna-
tional Maritime Organization 2021). The RSE used the following four statements to
describe the most appropriate ways of addressing MASS operations at each degree
of autonomy within the COLREGs (International Maritime Organization 2021):

I. equivalences as provided for by the instruments or developing interpretations;
and/or.
II. amending existing instruments
III. developing a new instrument; or
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IV. none of the above as a result of the analysis

Degree 1: —onboard operations and watchkeeping may result in distortion and
ambiguity regarding the COLREGs. This degree is the least disruptive of the four
degrees; hence, statement I is the most appropriate way of addressing MASS
operations. Potential gaps/themes that require to be addressed are terminology;
lights; shapes and sound signals; and the role of the master.

Degree 2: I-II—same as above, but as control may be shifted remotely, I and II
are the most appropriate ways of addressing MASS operations within the COL-
REGs. Potential gaps/themes that require addressing are the same as degree 1,
with the addition of the responsibility of the remote operator.

Degree 3: I-II—this is the largest shift and will require amendments to COL-
REGs, and I and II are the most appropriate ways of addressing MASS opera-
tions. Furthermore, the COLREGs as they are currently written should retain as
much of its current content as possible. Potential gaps/themes that require to be
addressed are the same as degree 2 with the addition of distress signals.

Degree 4: II—as this is the concept the furthest in the future, amendments to
COLREGs are necessary although they should still retain as much of its current
content as possible. Potential gaps/themes that require to be addressed are the
same as degree 3.

3 Research approach

A literature review and a multiple-choice survey are used for this exploratory
research. The purpose of this study is to first identify barriers that the COLREGs
present with MASS implementation via the literature review. Second, the aim is to
identify proposed solutions from the literature review and to formulate proposed
amendments to the COLREGs via the SME discussion. Third, the objective is to
explore LDO insights via the survey regarding these barriers and proposed amend-
ments. The operational degree that MASS is operating at for this research is degree
3 or degree 4.

3.1 Literature review

At the time this literature review was conducted, much literature was found on the
theory and technology behind collision avoidance systems and how they implement
the COLREGs, as well as the legal challenges of MASS, specifically the issue of
liability. However, limited in-depth research is found regarding barriers to the COL-
REGs with MASS implementation that include potential solutions and/or proposed
future amendments. Google Scholar, Research Gate, Semantic Scholar, and Web of
Science are employed using the following descriptors: “collision avoidance regu-
lations,” “autonomous shipping and navigation,” COLREGs and MASS,” “imple-
mentations of COLREGs with automation,” and “regulation of autonomous ships.”
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References that focus on individual rules are sought out. Only references published
within the last 5 years (2017-2021) are considered for recency. Eight literature refer-
ences consisting of two reports, one thesis, and five journal articles are chosen based
on subject relevance, method, data analysis, and research pool used. Many of these
chosen references include a large, varied, and relevant international research pool,
which helps to justify the limited amount of used references. A list of these refer-
ences is found in Table 1.

3.2 Survey

The COLREGS that are found to have barriers with the implementation of MASS as
found from the literature review are used to create the survey questions. Proposed
solutions that are derived from the findings of the literature review are discussed
among two to three SMEs to derive the amended COLREGs. A list of the specific
COLREG, its issue with MASS implementation, the proposed solution based on
the literature review, and proposed amendment in form of Option B in the survey
is summarized in Table 2. The COLREGs used in this study can be found in their
entirety in Online Resource 1. Not all rules in the COLREGs are discussed as only
the rules that according to the literature review present barriers with MASS imple-
mentation are addressed.

The survey was created by Qualtrics™ and consists of 50 multiple-choice ques-
tions with forced responses. It is found in Online Resource 2. Non-probability sam-
pling, specifically convenience sampling and snowball sampling, was used to find
participants in the merchant marine industry. LDOs with sailing experience were
targeted. This purpose-driven sampling approach used professional maritime net-
works such as the Nautical Institute along with other maritime organizations such
as pilot associations, Maritime Education and Training (MET) institutions, mari-
time unions, and personal contacts to recruit participants. The survey was answered
anonymously in accordance with GDPR by 562 participants from 17 January to 31
March 2021. The distribution of this survey results in a completion rate of 271, or
48.2%. Only complete responses where the participants have the occupation of LDO
are used. This results in a sample with N=223. The occupation of LDO includes all
deck officer ranks, including third mate, second mate, chief mate, captain, or pilot.
In the survey, “Pilots” are an option for profession as the survey was available to
multiple pilot associations. These results are included under the occupation of LDO.

Survey questions are organized into multiple parts. Part One, “General Ques-
tions,” identifies participants’ occupation and number of years working with the
COLREGs. Part Two explores participants’ knowledge of MASS and is omit-
ted from this study as it does not fall under the scope of this research. Part Three,
“Rating the Effectiveness of COLREGs Taking MASS into Account,” presents the
COLREGs that may be affected with the implementation of MASS and the pro-
posed solution derived from the literature review. For each survey question, par-
ticipants had to choose which option is more effective in preserving the safety of
navigation when applied to MASS. Choices were: Option A, Option B, or Option
A =Option B. Option A was the original COLREG that presents a barrier to MASS
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implementation. Option B was the proposed amendment to the same COLREG.
The third choice was Option A is equal to Option B. This was presented so partici-
pants were not forced to choose one option over the other simply because there were
no other options. Each survey question in this section was also followed up by an
optional text box to provide the opportunity for participants to add more in depth
opinions to the survey questions.

3.3 Data analysis

Survey results were analyzed via descriptive statistics using SPSS to find the mode
for each survey question. This analysis was conducted to see if the LDOs preferred
the proposed amendments over the original rules. Next, the variable “years of prac-
ticing the COLREGs” was analyzed to see if this variable had any correlation to the
survey responses. Survey results were then reviewed to see if any commonalities,
consistencies, or trends existed among the chosen or rejected amendments. This was
done by analyzing the majority, minority, and average survey responses across all
survey questions. Lastly, an analysis via an excel heat map was conducted to see
if participants who rejected one COLREG by choosing the amendment were more
or less likely to reject another COLREG. This was done to see if any correlations
existed within the rejected rules. As participants had a third option of choosing
Option A is equal to Option B, for simplicity, these responses were combined with
the responses of choosing the original rule.

4 Results
4.1 Survey results, rule by rule

In this section, the results of the survey are presented, rule by rule. First, the rule
and its issue with MASS implementation are explained. Second, the solution from
the literature review and the formation of the survey’s Option B are shown. This is
followed by the results of the survey, including comments from the optional text box
that followed each survey question. A summary of the results of each rule is dis-
played in Table 3 where the frequency of the participants’ answers and the mode for
each survey rule are displayed.

4.1.1 Rule2a

This rule addresses the responsibilities of the master, crew, and owner of a vessel
regarding the neglect of complying with the COLREGs or the neglect of precautions
required by the ordinary practice of seamen. A main issue that arises from this rule
with MASS implementation is that the rule refers to the responsibility of actions
taken onboard a vessel by her master and crew. Seamen are typically character-
ized as those who work onboard ships (Danish Maritime Authority 2017). Vessels

@ Springer



249

Autonomous ships and the collision avoidance regulations:...

q q v v v d v v v v v v v v v q v q SPOIN

191 16 9L 6C 8¢C 48! 19 61 €l Ic 159 6l LS 69 88 141! 123 ell q

Sl (94 ¥C 8 6 6¢ ¥C 8 [4 €l ye [4 91 6¢ 143 4 I 8¢ 4=V

Ly 68 €Cl 981 981 [ 8¢€1 961 80¢C 681 8¢l [\ 0SI Sl 101 89 8LI 8 v

BET 261 B6l 271 91 q01 B6 P8 q8 ey pugeL BL 9 S qe BE qc 'L uondo £oaing
oy

9InI AQ o[l $3[nsa1 AoAIng € d|qel

pringer

As



250 E. Hannaford et al.

operating at degree 3 or degree 4 would not have personnel onboard; hence, the
responsibility of the vessel’s actions would have to be transferred elsewhere.

If MASS is operated from the shore, these responsibilities could be transferred
to an RCC where the remote control operator (RCO) could take the responsibility
of a vessel (Komianos 2018). RCOs should be obliged to possess the knowledge
equal to that of the ordinary practice of seamen (Komianos 2018). The survey ques-
tion addressing rule 2a utilized this presented solution from the literature review via
Option B. This option added to the original rule that the master and crew may be
onboard or ashore and the responsibility of the ordinary practice of seamen is trans-
ferable to the responsible party ashore. This amendment gives the option to keep the
responsibility on the master and crew, regardless of where they are located (Danish
Maritime Authority 2017).

The percentage of participants who chose Option A is 38.6%. Only 12.6% decided
that either option was the best answer by choosing Option A is equal to B. Option B
is the mode as 50.7% of the survey participants decided that the original rule should
include these amendments. Participants noted in the comments section that the defi-
nition of master and crew should be clarified and expanded upon. One noted that if
a master and crew can be defined as aboard or ashore, then no change is needed in
the rule. Others state that if a shore-based operator is remotely operating a vessel,
they need to be fully accountable as if they were operating the vessel from aboard.
Addressing shore-based crew, specifically how to name and define these staff mem-
bers, is important for the COLREGs, particularly for liability and legal reasons.
There is room in the definition of crew to be expanded upon to include shore-based
personnel. Overall, participants found that it is important to address these terms with
the implementation of MASS and the introduction of shore-based crew.

4.1.2 Rule 2b

This rule addresses when one should depart from the rules in order to avoid immedi-
ate danger. An issue with this rule is that ambiguity exists on when one can deviate
from the rules. There is also an issue that if a vessel is unmanned, who is actu-
ally responsible for making decisions concerning the ship to maintain safety of
navigation?

The proposed change in Option B adds a distance of a vessel’s Closest Point of
Approach (CPA) and Time to Closest Point of Approach (TCPA) to define when one
can deviate from the rules (Porathe 2019). This quantifies part of the rules to CPA
of 0.5 nm and TCPA of 6 min. The latter issue is addressed in rule 2a. This distance
and time was chosen after discussing with SMEs, keeping in mind a normal vessel’s
CPA while underway in open waters and in congested areas.

The majority of survey participants, 79.8%, decided that quantifying CPA and
TCPA was not the best option as they chose the original rule without quantified
times or distances. Only 4.9% chose that Option A is equal to Option B, while
15.2% participants chose quantifying CPA and TCPA by choosing Option B. From
the comments section, it was clear that the majority of participants were strongly
against any type of quantification of the COLREGs. For example, most commenters
agreed that CPA and TCPA cannot be quantified because they vary depending on the
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situation. This includes the location, speed, and type of vessel among other things
such as the weather, visibility, and congestion. They should be left up to the inter-
pretation of the navigator. Quantifying these terms is impractical and may lead to
more collisions. Many vehemently stated that it is dangerous to quantify any of these
terms. It is also noted that time and distance are not universal. The rules should be
left ambiguous as every situation can be different.

4.1.3 Rules 3(a) and 3(b)

Rule 3a defines the term vessel. A vessel includes every description of water craft,
including “non displacement craft and seaplanes, used or capable of being used as a
means of transportation on water” (USCG and US DOT 2004). A potential issue is
that the term vessel may not include MASS. The same issue lies with rule 3b which
defines the term power-driven vessel, which is a vessel propelled by machinery.

From the literature review, it was found that the current definition of a vessel in
rule 3 does not specifically include MASS, but it also does not exclude it (Komianos
2018). For rule 3a, Option B adds the term MASS to the definition of a vessel. For
rule 3b, Option B adds the words whether crewed or uncrewed to the definition of a
power-driven vessel to be inclusive of MASS at degree 3 or degree 4.

For rule 3a, 30.5% of participants chose Option A. This is followed by 18.4%
choosing Option A is equal to Option B. The mode is Option B as 51.1%, chose to
add the term MASS to the definition of a vessel. For rule 3b, the majority of par-
ticipants, 45.3%, chose Option A. This is followed by 15.2% choosing Option A is
equal to Option B. The remainder of 39.5% of the participants chose the alterna-
tive, Option B. From the comments section, many believed that the word “vessel”
is already inclusive in the word “MASS,” but the majority still preferred to add it
specifically to the definition. Some comments note that the term MASS itself needs
to be defined in the COLREGs, as well as the degrees of automation. Many thought
that adding the additional verbiage in rule 3b is unnecessary as it does not matter if a
vessel is manned or not, it is still a vessel.

4.1.4 Rule5

Rule 5 addresses proper lookout. “Every vessel shall at all times maintain a proper
lookout by sight and hearing as well as by all available means appropriate in the pre-
vailing circumstances and conditions so as to make a full appraisal of the situation
and of the risk of collision” (USCG and US DOT 2004). The barrier with rule 5 is
how to accomplish the role of a lookout via sight, hearing, and all available means
when there is no human onboard.

It is possible that sight and hearing can be accomplished with no one onboard,
as the duties of a lookout can be replaced by technical means such as cameras
and infrared technology (Danish Maritime Authority 2017). The MUNIN pro-
ject, which is a conceptual bulk carrier, has proven that the use of digital cam-
eras, computer vision technology, and onboard systems such as radar, AIS, and
infrared can provide a safer lookout than a human one (Blanke et al. 2017). All
of these means combined is called an advanced sensor module (ASM) (Heymans
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2017). In addition, based on the studies of the Advanced Autonomous Water-
borne Applications (AAWA) Initiative, ships that are using various degrees of
autonomy can use sensors and computer technology to replace human lookouts
(Danish Maritime Authority 2017). It can be proposed to amend rule 5 to allow
technical means to fulfill the role of lookout (Zhou et al. 2020). Thus, Option B
adds the words physical or non-physical sight and hearing to the definition of a
lookout.

Survey results show that the majority of the participants, 56.1%, chose the
original rule and did not find this amendment practical. Those choosing Option A
is equal to Option B accounts for 13.0%, and 30.9% chose the proposed amend-
ment Option B. From the comments, it was noted that many do not think that
cameras and sensors are able to fulfill the requirements of a proper lookout. Some
disagree and simply argue that “all available means” already cover these tech-
nologies; therefore, the extra wording is not necessary. Many did not like how
the addition was phrased, stating that it was too ambiguous or complicated the
simplicity of the original rule.

4.1.5 Rule6

Rule 6 identifies safe speed. The COLREG definition of safe speed is when a
vessel can take proper and effective action to avoid collision. It also states that a
vessel must be able to stop within a distance appropriate to the prevailing circum-
stance. The issue with MASS implementation to this rule is how a MASS will
determine safe speed.

One possible solution is to amend this rule by providing general characteristics
of a MASS sailing under determined sea states that must stay clear of any other
vessel at a stated distance when underway at a stated speed (Komianos 2018).
Another suggestion is that concrete speeds for every situation can be imple-
mented along with location, weather conditions, ship maneuvering specifics, and
traffic among others into algorithms for autonomous systems to determine the
vessel’s safe speed for any given situation (Heymans 2017). As it would be dif-
ficult to address all of these conditions within one survey question, for simplicity,
the survey Option B adds the following words: MASS safe speed is predetermined
based on location (for example, approaches to ports and dense traffic areas will
have compulsory speed limitations for MASS).

The majority of participants, 67.3%, chose Option A, deciding not to amend
this rule in this way. Next, 7.2% chose Option A is equal to Option B, and 25.6%
chose the proposed amendment Option B. From the comments section, many
argue that this definition is too limiting. Safe speed is not only based on location
on a multitude of complex characteristics. Other factors determining safe speed
include current, ship maneuverability, ship size, weather, and visibility among
others. It is also mentioned that MASS speed should not be defined in the COL-
REGs, but by individual vessel safe practices. Furthermore, restrictions on vessel
speed, if any, could be made in local regulations and should not be addressed in
the COLREGs.
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4.1.6 Rule7a

Rule 7a addresses the risk of collision. It states that every vessel shall use all availa-
ble means appropriate to the prevailing circumstances and conditions to determine if
arisk of collision exists. It also states that if there is any doubt that a risk of collision
exists, it shall be deemed that it does exist. The issue with this rule is that there is no
precise definition for risk of collision. According to the literature review, one pos-
sible solution is to better define the risk of collision for MASS. The factors of vessel
speed, distance, and if the vessels are crossing can determine if a risk of collision
exists, and it can be constantly interpreted by advanced sensor modules (Heymans
2017). An argument against this is that it would be difficult for collision avoidance
software to cover all situations, as there would still be occasional black swans. It
may be helpful to the software programmer to quantify parts of the COLREGs, but
even this would still not cover all situations (Porathe 2019). Another possible solu-
tion is that the risk of collision could be determined by persons ashore (Komianos
2018). This is similar to the solution to rule 2a, which moves the responsibility of a
vessel to the RCO ashore.

To explore the option of quantifying parts of the COLREGs, Option B of rule 7a
quantifies CPA and TCPA to 0.5 nm and 6 min, respectively. These quantifications
were chosen to maintain consistency, as these numbers were used previously for rule
2b. A second question to rule 7a was also included. This added to rule 7a: risk of
collision can be determined by crew onshore or offshore.

The mode for this rule is Option A as the majority of participants, 90.6%, did not
want to add stated quantifications to this rule. Only 0.9% chose Option A is equal
to Option B, and only 8.5% chose Option B. Comments reflect the same opinions
against quantification of the rules as found in rule 2b. Some stated that any type of
quantification is dangerous and impractical. Half a mile CPA for a sailboat creates
a very different scenario compared to half a mile CPA for a very large crude carrier
(VLCQ) that is fully loaded. Some participants stated that it would be nice to have a
defined CPA and TCPA, but admitted that it would not be logical for all situations.

For the second survey question for rule 7a that added determining the risk of col-
lision by crew onshore or offshore, the majority of the participants, 61.9%, chose
Option A. Next, 15.2% chose Option A is equal to Option B, and finally, 22.9%
chose Option B. The majority of the respondents did not choose this amendment
because they thought that risk of collision cannot be determined by the crew onshore
as well as by the crew onboard, while others argued that this phrase is redundant or
not necessary.

4.1.7 Rules 8(a), 8(b), and 8(d)

Rule 8 is a lengthy rule addressing actions to avoid collision. In summary, vessels
should make positive, timely actions to avoid collision while in observance of good
seamanship. Course and speed changes should be large and readily apparent, and
actions taken to avoid collision should result in a safe passing distance.

As this rule has multiple parts and varied potential issues with MASS implemen-
tation, three survey questions were used to address it. One issue with respect to this
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rule is that no concrete definitions exist for many of the stated terms, which leave
them open to interpretation. This includes the definition for good seamanship, as
well as timely, too close, safe distance, vessel is clear, and sufficient distance (Hey-
mans 2017). One proposed solution from the literature review is that one can find
the meaning of the definition based on what it is not. Looking at past legal actions
that were characterized as “bad seamanship,” the meaning of “good seamanship”
can be interpreted as what is not “bad seamanship.” It can also be defined as “not
making a nautical mistake” (Heymans 2017). To utilize this proposed solution,
Option B of rule 8a adds not making a nautical error to the definition of good sea-
manship. Results show that the mode is Option A, where 84.8% of the participants
were in favor of keeping the original rule and did not like this addition. Only 5.8%
of participants chose Option A is equal to Option B, and 9.4% chose Option B. From
the comments, many stated that “nautical error” needs defining. Most stated that this
definition does not fully or adequately address the definition of good seamanship,
and that this term cannot be simply defined.

The next survey question addresses rule 8b, which states that a course and/or
speed change shall be large and readily apparent. Option B quantifies this course
change of at least 15 degrees and does not address speed for simplicity. This question
was quantified based on the course change used in a study conducted by Kufoalor
et al. (2020). As a result, the majority of participants, 93.3%, chose Option A. Only
0.9% chose Option A is equal to Option B, and 5.8% chose Option B. The comments
restate that no part of the rules should be quantified as all situations can be different.

A third survey question addresses rule 8d, which describes safe distance. Option
B proposes a quantification of 0.5 nm or greater as a safe distance. The majority
of 87.9% chose Option A. This is followed by 3.6% of the respondents who chose
Option A is equal to Option B and 8.5% who chose Option B. Comments reflect pre-
viously stated opinions against any quantification of the rules.

4.1.8 Rule9a

Rule 9a describes the safe navigation of vessels in narrow channels. An issue with
this rule is that the term narrow channel or narrow waterway is not previously iden-
tified and may be difficult to define. It can be left open to interpretation by the LDO.
Literature review suggests that these channels or waterways can be pre-determined
by an appropriate institution and identified on charts (Heymans 2017).

Option B adds to this rule: narrow channels are predetermined by the Inter-
national Hydrographic Organization (IHO) and are indicated on nautical charts.
This eliminates the mariner from the responsibility of determining whether an area
is a narrow channel or not. Results show that the majority of participants, 61.9%,
chose Option A. Only 10.8% chose Option A is equal to Option B, and 27.4% chose
Option B. Some commenters stated that this amendment would clarify these defini-
tions, but that this is not the duty of the IHO. Narrow channels can be defined by
port or other local authorities. Arguments against this amendment agree that defin-
ing narrow channels is not practical and is not the same for every vessel, as the size
of the vessel matters. Further definition should be kept out of the COLREGs.
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4.1.9 Rule 10b

Rule 10b defines navigation for traffic separation schemes (TSSs). As written,
MASS would be interacting with manned traffic, creating a “mixed traffic” situation.
This could cause confusion from the manned vessel’s perspective. A proposed solu-
tion is for regulatory bodies to identify separate TSS for MASS which can be made
compulsory for use (Porathe 2019).

Option B adds: special traffic lanes predetermined by the IHO and indicated
on nautical charts are compulsory for MASS and optional for other vessels. Only
36.8% of the participants chose Option A. Next, 13.0% chose Option A is equal to
Option B. The majority, 50.2% of the participants, chose Option B. Some argued
that worldwide designated traffic lanes are not feasible. It was also stated that if
TSSs are compulsory for MASS, manned vessels should not have the option to be
able to use them. Some think that it is unrealistic if MASS would use certain TSSs
as fishing and recreational vessels could cause problems with traffic. However, many
stated that MASS and manned vessels should be separated as much as possible as a
good measure for safety, and they agreed with adding this amendment.

4.1.10 Rule 16

Rule 16 states that every vessel which is directed to keep out of the way of another
vessel shall, so far as possible, take early and substantial action to keep well clear.
The issues with this rule is that the definitions of “early” and “substantial” are
ambiguous and left up to the interpretation of the LDO. Possible solutions from
the literature review include defining and quantifying “early” and “substantial.” To
determine quantified terms, researchers can conduct large MASS deep learning stud-
ies using AIS information (Porathe 2019; Rivkin 2021). If correctly programmed a
quantified CPA and TCPAI, a MASS a collision avoidance system can interpret the
wording and meaning of the COLREG terms (Ringbom 2019). They can be deter-
mined based on an algorithm to include all factors such as size and maneuverability
of the MASS (Kufoalor et al. 2020).

Option B adds the quantification of taking action at 1 nm in restricted waters and
2 nm in open waters, which is mentioned as a general guideline from the Nautical
Institute (Porathe 2018). This is also common practice among some mariners, but
depends on ship type among other factors. Option B also adds that restricted and
open waters are to be defined by the rules so there is no ambiguity on what is con-
sidered restricted or open waters. Option A is the mode with a total of 83.4% partici-
pants. Only 4.0% chose Option A is equal to Option B, and 12.6% chose Option B.
The comments reinstate that the rules should not be quantified.

4.1.11 Rule 17aii
This rule addresses the actions required of a stand on vessel to avoid collision. It
states that this vessel may take action to avoid collision by her maneuver alone, as

soon as it becomes apparent that the other vessel that is required to keep out of her
way is not taking appropriate action to do so within compliance of the rules (USCG
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and US DOT 2004). The issue with this rule is that the definition of “as soon as it
becomes apparent” is not concrete and may be interpreted differently by different
people. MASS operating at degree 3 must be able to have quick and reliable com-
munication with shore-based RCCs to make these decisions in a timely manner, as
last minute maneuvers must be determined quickly (Komianos 2018).

A possible solution for this rule, as with the previous rule 16, is to quantify CPA
and TCPA. Option B quantifies when a stand on vessel shall be required to take
action, specifically making a CPA of 0.5 nm and TCPA of 6 min to remain consist-
ent with the quantification from previous survey questions. Most participants did
not choose changing this rule as Option A is the mode. While 83.4% of participants
chose this option, only 3.6% chose Option A is equal to Option B, and 13.0% chose
Option B, the proposed amendment. Comments mimic previous comments that do
not support quantifying the rules.

4.1.12 Rules 19(a) and 19(e)

Rule 19a addresses vessels not in sight of one another when in restricted visibility.
Rule 19e addresses the actions to be taken when a vessel hears the fog signal of
another vessel. Some issues with MASS implementation include that if restricted
visibility applies to MASS, there is no one onboard to “see” the visibility conditions
and how MASS would determine if it is in an area of restricted visibility. Moreover,
how MASS can “hear” a fog signal from another vessel if there is no one onboard.
Possible solutions to these issues include using technology such as weather inputs,
sensors, and cameras to determine if a MASS is in an area of restricted visibility.
The human eye is not the only means to determine if a vessel is in sight (Heymans
2017). Furthermore, it has been proven that sensors can adequately “hear” fog
signals, so having a person physically onboard is not necessary to fulfill this spe-
cific rule (Komianos 2018). Fully enclosed bridges are already in use, where offic-
ers must be able to determine sound signals and their direction without leaving the
enclosed space (Ringbom 2019). Option B for rule 19a adds: for MASS, technologi-
cal means can determine whether or not a vessel is in sight. For rule 19e, Option B
adds: for MASS, hearing may be accomplished by sensors or other technical means.

For rule 19a, the mode is Option A. Specifically, 55.2% of the participants chose
to keep this original rule. Only 10.8% chose Option A is equal to Option B, and
34.1% chose Option B. Some commenters bring up the argument: “what if the
manned vessel considers it to be in sight and the MASS does not?” Others state that
there is no definition of technological means, or that this phrase should be reworded,
or that the addition is not necessary at all. Others state that technology cannot
replace a person onboard using their own sight.

For rule 19e, 39.9% of participants chose Option A. Next, 19.3% chose Option A
is equal to Option B. The mode results in Option B, with 40.8% of the participants
choosing this option. Some respondents stated that it is not necessary to add this
wording in the COLREGs because “hearing is hearing,” and it does not need to be
further elaborated on. However, it is mentioned several times in the comments that
hearing is already accomplished by vessels with enclosed bridges. As it is previ-
ously practiced in the industry, technological means have already proven to be an
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acceptable way to hear; thus, the addition to this rule is practical. Some participants
were concerned with what would happen if hearing sensors fail. Two commenters
stated that this rule is antiquated and should be removed. Others thought that this
was a concise, positive addition, but the definitions of sight and hearing should be
elaborated on, or the terms physical and non-physical should be reworded.

4.1.13 Rule 23a

Rule 23a defines the lights required by a power-driven vessel. It is up for debate
whether or not MASS should have additional identifying lights. It is possible that
MASS could require a colored identifying light that is not already used in the COL-
REGs, for example, a purple all-around light on the mast (Porathe 2019). In the sur-
vey for this rule, Option B adds to the required lights of a power-driven vessel the
following: MASS shall exhibit an all-round light of a color that is not currently used
as another identifying light within COLREGs .

The majority did not choose this original rule, as only 21.1% chose Option A.
This is followed by 6.7% choosing Option A is equal to Option B. Option B is the
mode with 72.2% of participants choosing this option.

The follow-up question to rule 23a was only available to participants who chose
Option A is equal to Option B or Option B from the previous question. Hence, this
question was available to 176 participants. Only 169 participants answered this
question as this question did not force a response (N=169). Participants were given
the option of choosing an identifying colored light that is not currently in use by the
COLREGs. The first option is a purple colored light as previously mentioned, or a
turquoise colored light which is proposed by the automated car industry (Rouchitsas
and Alm 2019). The majority of the participants, 59.8%, chose the purple colored
light, while 40.2% chose the turquoise colored light. The majority of the partici-
pants stated that adding an identifying light is a good suggestion. It was also stressed
that it is very important for MASS to be easily identifiable from other vessels, and
the respondents would like to know if another vessel operating in their vicinity is
manned or not. Others added that the color of the light should be explicitly stated
in the COLREGs. Many suggested that this light should be flashing, and that a day
shape should also be added.

4.2 Years of experience with practicing the COLREGs

The number of years of experience with practicing the COLREGs was asked to see
if the survey results differed according to this variable. Participants had to indicate
which of the following best represents their experience in years with practicing the
COLREGs: 0-5 years, 5-10 years, 10-15 years, or 15+ years. Results show that
10.8% of the participants have 0-5 years of experience, 22.9% have 5-10 years of
experience, 20.2% have 10-15 years of experience, and the majority, 46.2%, have
15 +years of experience. The participants with 0-5 years of experience chose the
original rule in the survey questions 88.9% of the time, respondents with 5-10 years
of experience chose the original rule 72.2% of the time, the ones with 10-15 years
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of experience chose the original rule 77.8% of the time, and those with 15 years of
experience or more chose the original rule 72.2% of the time.

4.3 Participant responses across all survey questions

As there are 18 survey questions, choosing the original rule for 10 or more ques-
tions is considered the majority and choosing the original rule eight times or less is
considered the minority. While 174 participants, or 78%, chose the original rule for
the majority of the survey questions, 35% participants, or 15.7%, chose the amended
rule for the majority of survey questions. Only 14 participants (6.3%) showed equal
results by choosing the original rule nine times and the amended rule nine times.

Survey results also show that 30 participants, or 13.5% of the respondents, always
chose the original rule. Whereas 25 participants, or 11.2%, rejected only one origi-
nal rule, 50% of the participants agree with more or less 80% of the original rules,
and 84% of the participants agree with at least half of the original rules. On the
other hand, only three participants, or 1.4%, always chose the amended rule. Only
one participant rejected 17 of the 18 original rules. This shows that if a participant
rejects one original rule, they do not necessarily reject another as the data is varied
across all rules. This is displayed in the heat map in Table 4.

This table shows the percentage of participants that rejected a particular original
rule and the percentage of participants rejecting another original rule. For example,
out of the participants that rejected rule 2a, 22% also rejected rule 2b, while 85%
also rejected rule 23a. Rules 10b and 23a show the highest result of choosing the
amendment. Both of these rules pertain to separating MASS from manned vessels,
physically and visually. The next strongest amendment chosen is rule 19e, which
allows for the accomplishment of hearing to include sensors or other technical
means. This is followed by the amendment for rule 19a which adds that for MASS,
technological means can determine whether or not a vessel is in sight.

Table 4 Survey response heat map

Percentage of respondents that also answered B to question number:

2b | 3a | 3b | 5 6 | 7a |7a-ii| 8a | 8b | 8 | 9a [ 10b | 16 [17aii| 19a | 19¢ | 23a

|22 [22%(67%[50% | 47% |37% [10% | 34% | 12% | 8% | 10% | 34% | 65% | 17% | 19% | 50% | 58% | 85%
g 2b 94% | 77% | 57% | 66% | 40% | 63% | 20% | 17% | 37% | 66% | 86% | 49% | 63% | 69% | 77% | 91%
g 3a 66% | 47% | 45% [15% | 44% | 16% | 11% | 17% | 42% | 74% | 22% | 21% | 50% | 61% | 89%
g 3b 52%149% | 15% | 49% [19% | 13% | 19% | 43% | 72% | 26% | 25% | 52% | 61% | 88%
S 5 51% | 19% | 51% [ 22% | 13% | 17% | 45% | 74% | 28% | 26% | 67% | 77% | 86%
§ 6 28%(56% |30% | 21% [33% | 61% | 88% | 44% |37% | 72% | 81% | 95%
g 7a 63%53% | 37% | 58% | 84% | 89% | 63% | 68% | 68% | 79% | 89%
m |78l 24% 16% | 25% | 51% | 76% | 31% | 33% | 69% | 78% [ 96%
2 [ 8 38% | 48% | 81% | 86% | 52% | 38% | 76% | 81% | 95%
o | 8b 77% | 77% | 85% | 69% | 46% | 77% | 85% |100%)
2 8d 84% [100%]| 79% | 68% | 74% | 89% | 95%
S [ % 87% |38% [39% | 62% | 70% | 84%
= 10b 24% [24% | 54% | 64% | 88%
g | 16 75% | 68% | 86% | 93%
g 17aii 72% | 86% | 86%
5 19a 91% | 89%
19e 89%
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5 Discussion
5.1 To change or not to change, that is the question

The COLREGs are currently written for manned vessels, and their future is
unknown (Porathe 2019). Many believe that amendments are needed to allow for
MASS operation (Komianos 2018; Timbrell 2019; Allen 2021) and they should
be updated with the evolution of technology (Ziarati et al. 2019). Research at
the testing stage has proven that collision avoidance systems and algorithms are
capable of conforming to the COLREGs (Ning et al. 2020; Shaobo et al. 2020).
However, it is also proven that challenges exist when they are applied to MASS
and to these algorithms (Porathe 2019; Pedersen et al. 2020). The results of the
conducted literature review support this, as many barriers to the COLREGs
with MASS implementation were found. Survey results also revealed that some
amendments were preferred over the original rules, indicating that amendments
to the COLREGS, even if minor, may be necessary in the future.

Survey results show that participating LDOs prefer the original COLREGs for
the majority of the rules, specifically 13 out of 18 survey questions, or 72.2%
of the time. As most LDOs prefer to keep the COLREGs as they are written for
the majority of the rules by choosing Option A and not choosing Option B, this
potentially reflects a common acceptance that the maritime industry is slow to
change (Manuel et al. 2019; Babica et al. 2020; Casareale et al. 2021). Some par-
ticipants may not be ready or willing to embrace changes with automation; appre-
hension from the industry has kept autonomy at bay (Francis 2019). In addition,
many mariners are worried about autonomous shipping (Allen 2021). Survey
results may also reflect that many LDOs believe that MASS should simply follow
the COLREGs as written (Perera and Bjorn-Morten 2019). Another possible rea-
son is that participants chose Option A for the majority of their responses simply
because they did not agree with the specific wording or meaning of the proposed
amendments as a multitude of ways exist to word Option B in the survey. Many
comments proved the opinions on the use of one word over another are varied
and that any phrase can be slightly altered to affect its meaning. However, even
though the original rules were overall the clear majority, approximately 75% of
the participants chose more than one amendment over the original rule. This may
indicate that LDOs are open to some change, and that some minor amendments
may be necessary.

Option A equals Option B was the least favorable answer for all survey ques-
tions, averaging only 9.22% of the participants’ responses. Since this opinion
was never the majority response, this could reflect that LDOs had strong opin-
ions either for the original rule, for the proposed amendment, or against the pro-
posed amendment. It is also possible that those who chose this answer did not
feel strongly for either option and chose this as a default.

Another result of this study was the strong opposition of not quantifying any
part of the rules. Within the survey, six questions, which addressed rules 6, 7a,
8b, 8d, 16, and 17aii, presented an Option B that included a quantification for
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one of the following: CPA, TCPA, safe speed, course change, and distance to take
action. All of these amendments were rejected by the majority of the participants.
Five out of six of these questions received the highest percentage of the partici-
pants choosing Option A. It was agreed by the majority of the commenters that
these terms can never safely be quantified. It is agreed upon by Woerner et al.
(2019) that MASS must be able to incorporate visibility, traffic, ship handling
characteristics, and weather among others to determine these terms. The COL-
REGs are not quantified because the ambiguity of the COLREGs leaves room for
mariner interpretation for all situations (Demirel and Bayer 2015; Rivkin 2021).

Amendments were preferred in five of the rules: rules 2a, 3a, 10b, 19e, and 23a.
This is in line with Hirst (2020), Komianos (2018), and Sztapczyniski and Ghaemi
(2019), who state that MASS cannot comply with the COLREGs as written and they
should be amended. The amendment in rule 2a adds that the responsibility of the
ordinary practice of seamen is transferable to the responsible party ashore. Rule 3a
adds the term MASS to the definition of a vessel. Rule 10b’s amendment proposes to
designate TSS for MASS that are optional for manned vessel use and TSS would be
pre-determined and marked on navigational charts. This is agreed by Rivkin (2021),
who suggests designated ocean routes similar to TSS for MASS. Rule 19e adds that
hearing may be accomplished by sensors or other technical means. Rule 23a adds an
all-around colored light for MASS to the required lights of a power-driven vessel.
This is also suggested by Woerner et al. (2019), who state that MASS may need spe-
cial lights and shapes to operate. The two survey questions with the highest percent-
age of the amendment chosen pertained to separating MASS from manned vessels,
physically and visually. Many of the respondents stated that they did want to know
if a vessel is manned or unmanned. This potentially shows a distrust in autonomous
technology (Tam et al. 2021).

Overall, results of this research show that many barriers to the COLREGs exist
with MASS implementation. While the majority of the rules were chosen to remain
the same, some amendments were strongly preferred, indicating that the COLREGs
in the future may need to be amended for MASS.

5.2 Results in comparison to the regulatory scoping exercise

The results of the IMO’s RSE regarding the COLREGs for degree 3, which is MASS
that is remotely controlled with no personnel onboard, concluded that some amend-
ments will be required (International Maritime Organization 2021). It also stated
that they should retain as much of its current content as possible. Interpretations
should be developed and/or amendments should be made. Potential gaps/themes
that were found to require to be addressed are terminology; lights; shapes and sound
signals; and the role of the master and the responsibility of the remote operator.
For MASS operating at degree 4, where a MASS is fully autonomous with no one
onboard, the RSE also concluded that some amendments are necessary. Potential
gaps/themes that require addressing are the same as degree 3, with the addition of
distress signals (International Maritime Organization 2021).
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RSE results are generally in line with the results of this research as the major-
ity of participants chose the original rule for the majority of the questions, but
revealed that some minor amendments are needed, as stated in Porathe (2019),
Ringbom (2019), and Zhou et al. (2020). The definition of the ordinary practice of
seamen from rule 2a was found to be a concern in the RSE, as did the results of this
research’s literature review and survey. In the COLREGs, this term is left undefined
(Rivkin 2021), and hence, it would be difficult to be applied to MASS. The terms
master and crew were also found to be issues in the RSE and in this research. The
implementation of MASS operation would redefine the roles and responsibilities of
master and crew (Kim and Schréder-Hinrichs 2021). Current manned MASS sce-
narios do not have defined or proven crews (Kim and Mallam 2020). Survey com-
ments suggest that terms related to crew operating MASS from ashore need to be
defined, as did the RSE. The RSE also found that the lighting of MASS needs to
be addressed. There is a possibility of adding lights for MASS, as well as finding
a way to address sight and hearing (Jo et al. 2020). This is in line with the results
of the survey, where adding a required colored indicating light to MASS as found
in rule 23a had the highest majority of participants in support of this amendment.
Lastly, the survey and RSE results did not result in any quantification of the rules.
The COLREGS are written vaguely to encompass a multitude of collision avoidance
scenarios without being overly restricted (Woerner et al. 2019).

5.3 Limitations of the research and recommendations for further research

The proposed changes to the COLREGs presented in the survey were limited by the
literature review conducted and by how Option B was worded. Specifically, quantifi-
cations chosen for the amendments could be investigated in greater detail. Proposed
quantifications can be based on extensive machine learning using large amounts of
AIS data (Porathe 2019), which did not fall within the scope of this research. Fur-
thermore, this research was limited to MASS operating at degree 3 or 4. It would
be beneficial to expand this research to cover all degrees of automation as was con-
ducted by the RSE.

The survey completion rate (slightly below 50%) could be improved upon as
the completion time averaged 1 h and 18 min. This may be considered too long for
a survey as participants typically would be willing to spend this much time only
if they found the survey of utmost importance to them (Kitchenham and Pfleeger
2002). Streamlining the survey to make it shorter and faster to complete would be
beneficial as the survey length was 50 questions. Some feedback received from sur-
vey participants included that they did not finish the survey in one period of time
because of the length.

As this research covered the entirety of the COLREGs based on a limited lit-
erature review, it would be beneficial to focus on each rule as a separate study to
produce more in-depth results. By doing this, a survey could be distributed with
multiple amendments to one rule that would result in a thorough analysis on the par-
ticipants’ opinions of each rule.
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Results from this research show that those with 0-5 years of experience with
the COLREGs chose the original rule more frequently than any other experience
group. Those with 15 years of experience and over chose the alternative more fre-
quently. This potentially shows that LDOs with more experience are slightly more
open to change than those with less experience. Further research about the number
of years of experience with the COLREGs and its effect on participant’s answers is
recommended.

Many LDOs stated that MASS should be treated as any other vessel; hence, many
of the proposed amendments are not necessary. However, the majority of partici-
pants in the survey agreed that MASS should use separate TSSs and that it should
be identifiable by an additional light. Many participants stated that they did want to
know if a vessel was manned or not. This brings up the point that if MASS were to
be treated as any other vessel, it should not have to be distinguishable from other
vessels nor should other vessels in the vicinity need to know if a vessel is unmanned
or not. The concept of whether MASS should be treated as any other vessel is an
interesting topic that deserves further study.

6 Conclusion

Recent years have seen a surge in research and development in the field of autono-
mous shipping. There is no one current answer to how instruments such as the COL-
REGs will be amended, if at all, for MASS application, but it is an important topic
of conversation in the maritime industry. The purpose of this exploratory research
was to first identify the barriers that exist to the COLREGs with MASS implementa-
tion and to identify proposed solutions found from the literature review. Second, the
aim was to formulate amendments to the COLREGs and to present them to a sample
of experienced licensed deck officers via survey. Third, the objective was to explore
the insights of the participants regarding these amendments. Survey data was ana-
lyzed via descriptive statistics. An analysis of the majority, minority, and average
results across all survey questions as well the utilization of an excel heat map was
used to find commonalities, trends, and consistencies among the results. The num-
ber of years of experience with practicing the COLREGs was also investigated to
see if any correlation to the survey results was found.

Results show that many barriers exist with the COLREGs with MASS implemen-
tation. The original COLREGs were preferred by the majority of the participants
for the majority of the rules, but minor amendments were preferred for some of the
rules. These results are generally in line with the results of the IMO’s regulatory
scoping exercise. Preferred amendments included adding or clarifying definitions to
terms such as master and crew, the ordinary practice of seaman, crew ashore, and
lookout. Adding separate traffic separation schemes that are compulsory for MASS
was also preferred, as was an all-around colored identification light for MASS. The
strongest preference found was that no part of the rules should be quantified. Partici-
pants proved to be open to some change as approximately 75% of participants chose
more than one amendment over the original rule, but results across all survey ques-
tions are varied. Participants with more experience with practicing the COLREGs
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showed that they are slightly more inclined to choose the amended rules versus par-
ticipants with less experience.

This exploratory research from the key perspective of a sample of licensed deck
officers adds valuable insights to the ongoing discussion of the future of the rules
of navigation with the onset of autonomous shipping. As the maritime industry
embraces autonomy, it is important that MASS and its impact on the COLREGs and
other IMO instruments are further investigated now to better prepare mariners for
the future.
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