
A combination of regulations,  
operations and technology  
required for progress

DIGITAL MATURITY  Autonomous shipping is still in a nascent state, but the elements required for  
progress – regulation, operational issues and technology – continue to evolve, writes Gareth Burton,  
vice president, Technology, at classification society ABS

Much progress has been made in 
the development of maritime 
autonomous technology in the 

last three years. Ongoing projects in pro-
gress across the world show how autono-
mous technology has progressed, and new 
collaborations between stakeholders have 
been formed. In a step forward, the Inter-
national Maritime Organization (IMO) 
has concluded the Maritime Autonomous 
Surface Ships (MASS) Regulatory Scop-
ing Exercise.

The discourse on maritime autonomy 
has tended to view vessels in a uniform 
manner. However, this may not be suit-
able when addressing the unique charac-
teristics of autonomous ships. The tech-
nological and regulatory challenges vary 
dramatically depending on vessel type 
and size.

Regulation 
Important progress in the development 
of regulations for autonomous opera-
tions was achieved in May 2021. The 
conclusion of the IMO MASS Regula-

tory Scoping Exercise marks a step to-
wards the drafting of requirements gov-
erning autonomous operations by the 
IMO.

The Regulatory Scoping Exercise was 
carried out in two steps. In the first step, 
IMO instruments were reviewed to iden-
tify the instruments which are applicable 
to MASS and determine if the instrument 
needs to be amended or to be adapted to 
MASS operations.

The second step was conducted to 
analyse and determine the most appropri-
ate way of addressing MASS operations. 
During this process, detailed discussions 
were held to determine if the existing in-
struments need amending or whether new 
instruments are needed to address MASS 
operations.

The Regulatory Scoping Exercise was 
scheduled to be completed by the MSC 
102 meeting in November 2020. How-
ever, due to the Covid-19 pandemic, con-
clusion was deferred, and the Regulatory 
Scoping Exercise was finalised at the MSC 
103 meeting in May 2021.

IMO’s Legal and Facilitation Commit-
tees are conducting separate Regulatory 
Scoping Exercises on the instruments un-
der their purview. The Legal Committee 
has completed its scoping exercise whereas 
the scoping exercise for the Facilitation 
Committee is still underway and is expect-
ed to be completed this year.

From the review of the various instru-
ments under the purview of the Maritime 
Safety Committee (MSC), the scoping ex-
ercise identified a list of eleven common 
potential gaps and/or themes which needs 
to be addressed for the development of au-
tonomous operation regulations. From this 
list, the IMO has identified four potential 
gaps and/or themes as high-priority issues 
that cut through critical IMO instruments 
and may require a policy decision or deter-
mination to progress further.

Upon the conclusion of the Regula-
tory Scoping Exercise, the IMO has agreed 
that it should embark on plans to develop 
requirements for autonomous operations 
with the target of publishing these require-
ments by 2025.

ABS, together with ST Engineering, PACC Offshore Services Holdings and M1 Limited concluded a project to test autonomous navigation, 
collision detection and collision avoidance technology for operations in Singapore Port in a project supported by the Maritime and Port 
Authority of Singapore  Source: ST Engineering
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Operational considerations
The operational issues surrounding auton-
omous shipping are numerous – including 
connectivity, the use of augmented reality 
(AR), human factors, and cyber security.

Continuous and reliable communication 
and connectivity between the autonomous 
vessel and the remote operator station is a 
key enabler. The communication will need 
to be bidirectional, accurate, scalable, and 
supported by multiple systems – creating 
redundancy and minimising risk. Reliability 
of the communication channel between the 
vessel and remote control or operator station 
is crucial to safe operations.

The connectivity between the ves-
sel and the remote station that performs 
monitoring and control is essential to au-
tonomous and remote-control functions, 
and there are various factors to be consid-
ered, such as bandwidth, data integrity, re-
liability, and latency. Data integrity should 
be verified, and corrupted or invalid data 
should have timely recovery. 

Data connection to the vessel should be 
robust and fault-resilient. For autonomous 
or remote-control functions of higher risk, 
the functions are not to be compromised 
even with degradation of network or com-
plete loss of connection. Network latency 
should satisfy the functional and perfor-
mance needs of the specific autonomous or 
remote-control function.

With operators potentially away from 
the vessel, the situational awareness of the 
operator could be reduced. A key concern 
from stakeholders and regulators is: will 
reduced situational awareness have any ad-
verse impact on safety of operations? What 
is the minimum required level of situational 
awareness a remote operator should have in 
order to attain an equivalent level of safety 
and operational efficiency?

Against this backdrop, AR technology 
will be useful in helping to bridge the gap 
between perception and reality. AR is a 
technology that allows the superimposition 
of digital content (images, sounds, text) 
over a real-world environment.

AR is beginning to be used in this field. 
For example, when combined with cellular 
network connectivity, it has allowed opera-
tors at a remote-control centre to monitor 
and guide the operations of a tug remotely.

The remote operator will be at the 
core of remote station operations. Their 
skills and competence will be an impor-
tant factor in supporting safe autonomous 
and/or remote-controlled operations. 
Currently, the International Convention 
on Standards of Training, Certification 

and Watchkeeping for Seafarers (STCW) 
Convention sets precise requirements for 
education, training and experience (sea 
service) for personnel working on board 
vessels. For shore personnel and manage-
ment of vessels, the International Safety 
Management (ISM) Code provides re-
quirements for the safe management and 
operation of ships.

The availability and necessity for 
autonomous and remote-control opera-
tions to be in constant communication via 
satellite or cellular communications greatly 
increases the cyber vulnerability of the ship 
or offshore unit. Cyber security can no 
longer be considered on the periphery of 
autonomous discussions, but it has to sit at 
the core of it.

Due to the repercussions of a cyber in-
cident, cyber security is now high on the 
list of maritime stakeholders’ concerns. A 
holistic view on cyber security covering the 
entire ecosystem enabling autonomous and 
remote-control operations is required i.e., 
from a vessel’s on-board systems, commu-
nication systems, remote control/operator 
station systems, human operators and other 
interfacing systems such as Port Vessel 
Traffic Systems (VTS), and other service 
providers.

Applying advanced techniques
Software underpins the delivery of 
autonomous and remote-control func-
tions. To deliver these functions as intend-
ed and safely, software quality and reliabil-
ity are crucial. In addition, the underlying 

algorithms may not be understandable 
and directly verifiable. 

There are many questions about the 
validation of software and algorithms used 
in advanced automation, autonomous and 
remote-control functions, such as: how 
do we define reliability? How do we track 
and evaluate decisions taken by software? 
How do we supervise correct behaviour to 
achieve trust and control learning? How do 
we define liability in the event of software 
failure?

The failure of autonomous and remote-
control functions can have a serious impact 
on their mission, performance, or safety. 
Thus, they should be thoroughly tested and 
verified to prevent potential failures, cov-
ering comprehensive, diverse and critical 
situations for both normal and abnormal 
operational conditions. 

Traditional validation methods are typ-
ically costly, time-consuming, limited in the 
reproducible scenarios, and risky in case of 
non-acceptable behaviours. To improve re-
liability and to avoid catastrophic failures, 
software can be tested using system-level 
pre-validation that is done in virtual worlds 
through simulation, to discover faults and 
fix them before deployment.

Model-in-the-loop (MIL), software-in-
the-Loop (SIL) and hardware-in-the-loop 
(HIL) simulation techniques, which are 
approaches that have been widely used in 
model-based design in the aerospace, mili-
tary and automotive industries, can be lev-
eraged for autonomous and remote-control 
functions. >

Technologies for autonomous 
shipping operations continue 

to evolve 
 Source: Shutterstock
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Type approval opens up deepsea market
HELM SYSTEM | After been awarded type 
approval for its wireless remote-control 
helm system from classification society, Bu-
reau Veritas, Boston-based Sea Machines 
Robotics is promoting its technology in the 
global market. So far, Sea Machines’ SM200 
and SM300 systems have been installed on 
domestic tugs and articulated tug barge 
units, coastal construction tugs, search-
and-rescue vessels, explosive ordnance re-
moval craft, and survey vessels.
However, the Boston company believes that 
other vessel types will benefit from the au-
tonomous control technology. These could 

include oil-spill and emergency response 
vessels, yachts, tenders, offshore support 
ships, fishing vessels, and other craft where 
helmsmen or women may not need to be 
bound to a fixed control station. 
By donning a belt-pack device, navigators 
can now control vessels with line-of-sight 
wireless helm and propulsion control over 
a range of up to 1,000m. The system also 
facilitates control of auxiliaries and payload 
equipment, enabling mariners to leave the 
wheelhouse to carry out tasks from any loca-
tion that offers advantages such as accessibil-
ity, visibility, and safety, the company said.

Captain Artie Seaman, Sea Machines’ 
product manager, Government and Com-
pliance, said: “This inaugural certification 
is further proof that Sea Machines is lead-
ing the development of advanced vessel 
control technologies. We appreciate the 
lengthy laboratory testing and exhaustive 
reviews that BV conducted to objectively 
validate our wireless remote-control helm 
system. 
“Looking ahead,” he continued, “our key 
area of focus is to work with BV and other 
agencies to define the regulations and ap-
proval requirements for autonomous and 
advanced perception products. Together 
we are developing the framework needed 
to propel our industries towards accept-
ance and use of advanced emerging tech-
nologies – like those of Sea Machines’ – 
that improve operations, efficiency, and 
safety.”
Commenting at the time of the type 
approval award, BV Marine & Offshore 
business development manager, Daniel 
Holmes, said: “Bureau Veritas Type Ap-
proval provides a user with confidence 
that an approved technology or piece of 
equipment meets stringent international 
standards. It brings a substantial assurance 
of quality. Sea Machines is the first compa-
ny to receive BV’s type approval certifica-
tion for this specific form of technology.”

The wireless helm control is currently in use on US-flagged tugboats, coastal construction 
tugs, search-and-rescue vessels, explosive ordinance removal craft, and survey vessels
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Artificial intelligence (AI) is a technol-
ogy for creating intelligent systems that 
can simulate human intelligence. Machine 
learning (ML) is a subfield of AI, which ena-
bles machines to learn from past historical 
data without being explicitly programmed. 
AI and ML techniques are increasingly being 
used in smart and autonomous functions.

For example, different regression algo-
rithms have been used for the prediction of 
a ship’s operational parameters, such as the 
required main engine power; deep learn-
ing has been used for ship recognition and 
tracking; reinforcement learning and neu-
ral networks have been used for ship’s path 
planning and optimisation.

The pre-processing of the data set that 
will be imported to the ML algorithms is a 
crucial step for ML, which requires high-
quality data. Thus, a suitable data and in-
ternet-of-things architecture which defines 
and facilitates clear processes for collect-

ing data from different sources, and then 
filtering, standardising, pre-processing 
and merging it in a common platform and 
checking its quality is often necessary.

Conclusions 
Discussions surrounding autonomous 
developments are starting to take on a prac-
tical form. Various projects to understand 
challenges and propose solutions to enable 
practical use and implementation of auton-
omous technology have been completed. 
Others are continuing. Nonetheless, the 
industry is facing up to the intricate chal-
lenges and obstacles which have yet to be 
overcome.

The conclusion of the MASS Regulatory 
Scoping Exercise at the IMO and subsequent 
efforts to map out the way forward to draft-
ing international regulations marks good pro-
gress. While there are significant challenges 
ahead, this is a sure sign that the industry sees 

value in autonomous technology and that it 
has the potential to bring improvement to 
maritime operations and safety.

As the industry endeavours to develop 
regulations and requirements for autono-
mous vessel design and operations, ABS has 
proposed a goal-based framework aligned 
with the intent of the requirements con-
tained in current conventional regulations. 
This leverages on the wealth of experience 
which formed the basis of these regulations. 

From ongoing autonomous technology 
trials and projects, some key issues have 
surfaced. Some of these issues pertain to 
the difficulty in aligning autonomous ves-
sels with current requirements while some 
other issues are entirely new to the maritime 
industry. To allow the adoption of autono-
mous technology and operations, regula-
tions planned for autonomous vessel design 
and operations will have to address these 
issues.
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