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The marit ime industr y is  bui lt 
upon centuries of  human 
experience.  Combining this 
human expertise and experience 
with artif icial  intel l igence 
wi l l  a l low us to process more 
information more quickly than 
ever before and ult imately make 
better decisions.



We are delighted to work in 
collaboration with Thetius 

on this report as Lloyd’s Register 
views Artificial Intelligence (AI) as 
a transforming technology that will 
allow maritime companies across the 
maritime asset value chain to not 
only get ahead of the market but 
accelerate their digital transformation 
and meet the challenges of the 
upcoming energy transition. 
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To help maritime stakeholders find suitable 
AI providers and solutions for their business 
challenges, we have also launched a 
standardised digital register of LR certified 
AI providers and solutions - a first of its 
kind for the maritime industry. Using the 
LR AI Register, maritime companies can 
minimise the risk and cost of investing in 
AI technology while successfully benefiting 
from AI advances, improving business 
outcomes and their competitive advantage.

Without question, the combination of 
massive investment and rapidly increasing 
demand means that artificial intelligence is 
one of the fastest growing digital technology 
sectors in the maritime industry today. 
However, knowing how to capitalise on the AI 
opportunity can be difficult and fraught with 
risk. It calls for trusted advice and working in 
collaboration and we are happy to work with 
all players across the maritime asset chain in 
this journey to digital transformation together. 

Andy McKeran, Director of Maritime 
Performance Services, Lloyd’s Register

The integration of AI in autonomous 
shipping, safety and navigational support 
systems, and vessel optimisation solutions 
will deliver immense value to users when 
implemented properly and efficiently. 

As this report discovers the adoption of AI 
in the maritime industry is still at a nascent 
phase, and its development will depend on the 
computing infrastructure and the connectivity 
solutions available. However, it is likely to 
be among the technologies that will soon 
experience industry-wide acceptance given 
the level of investment being poured into 
the disruption of the global supply chain.

With this year’s $931 million USD investment 
due to more than double in the next five 
years to $2.7 billion USD by 2027, a 
compound annual growth rate of 23%.

One area where Lloyd’s Register’s Maritime 
Performance Services through our subsidiary 
i4 Insight has developed vast experience 
is in the use of AI for vessel optimisation 
and helping to ultimately improve vessel 
performance. For example, we have found that 
traditional and legacy data analytics only look 
at 10% of vessel data, whereas our AI models 
can now look at close to 100% of vessel data 
and process this data instantaneously to 
create extremely accurate vessel performance 
insights around fuel consumption, speed, 
trim, hull fouling and power consumption. 

The integration of AI in autonomous 
shipping, safety and navigational 
support systems, and vessel 
optimisation solutions will deliver 
immense value to users when 
implemented properly and efficiently. 
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EXECUTIVE 
SUMMARY

Today, AI is used widely in many 
consumer and business sectors, and 
industrial sectors such as maritime 
are now showing significant growth 
in demand for AI systems.

AI is a sub-field of computer science 
that deals with the development of 
computer systems that can perform 
tasks normally associated with 
human intelligence. It is not one 
technology, but a combination of 
various different complementary 
technologies that allow the systems to 
function. Good artificial intelligence 
is capable of performing tasks either 
at a fraction of the cost and time of 
using humans to achieve the same 
goal or of performing tasks that are 
impossible for humans to complete.

Just as there are different types of 
human intelligence, there is a whole 
range of different types of artificial 
intelligence. These include digital 
twins, machine learning, knowledge 
based systems, neural networks, 
sensor fusion systems, and hybrid 
systems. Different system types 
are suited to different use cases, 
and it is important to choose the 
right tools for the job at hand.

In the maritime industry the adoption 
of AI has been growing gradually for 
a number of years, and has recently 
exploded. In 2022 the maritime 
industry is forecast to spend $931 
million USD on artificial intelligence 
solutions. That figure is forecast to 
more than double in the next five 
years to $2.7 billion USD by 2027, a 
compound annual growth rate of 23%.

This rapid growth is driven in part 
by investment into the sector. In the 
last 12 months, $331 million USD 
has been invested in startups and 
SMEs developing AI solutions for the 
maritime sector, with a further $43 
million in grant funding being awarded 
to develop the technology for the 
maritime sector around the world.

Artificial intelligence (AI) has existed as a concept since 
the earliest days of computing. Through a combination 

of poor funding and a general lack of computing power it 
has taken nearly 70 years of modern computing history for 
AI technologies to become viable for large scale adoption. 

In the maritime 
industry the adoption 
of AI has been growing 
gradually for a number 
of years, and has 
recently exploded.



The use cases for AI in the maritime 
industry are wide ranging. They 
include supporting the operation of 
vessels through systems that can 
support autonomous navigation 
or voyage optimisation. They also 
include systems that can support 
the maintenance and monitoring of 
vessels including equipment health 
management, working alongside 
and supporting remote engineers, 
supporting safety data analysis, 
and the virtual commissioning 
of systems and equipment.

Ship operators who want to adopt 
artificial intelligence systems need 
to understand that the core premise 
that this technology is built on 
top of is learning from failure. AI 
has the potential to revolutionise 
maritime operations and create 
significant competitive advantages 
for those companies that embrace 
it. But the pathways to adoption 
are not straightforward. Though 
incredibly powerful, this nascent 
technology is still in the earliest days 
of adoption in the industry. This 
report includes recommendations 
to ship operators to ensure they 
have the best possible chance of 
success. These include working with 
the right data, buying in existing 
systems where possible, leveraging 
expertise to support developing 
systems, and creating a safe 
environment for testing new systems.

AI has the potential to 
revolutionise maritime 
operations and create significant 
competitive advantages for those 
companies that embrace it.
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INTRODUCTION

Each of NYK’s Leader Class of ships can carry 
3.4million cars around the world each year 
and is capable of carrying heavy duty cargo 
such as boilers up to 200 tons on its decks.

In offices around the world, NYK's team of 
cargo planners spend their time working 
to ensure that each time a ship sails, it 
safely carries as much cargo as possible. 
With such a wide range of potential types 
of cargo, planners have to painstakingly 
assess each voyage before cargo operations 
even commence. Creating the ship’s loading 
plan is like completing a complex 3D puzzle 
against the clock. The plan has to take into 
account cargo demands, the ship’s schedule, 
forecasted weather, and how much can 
be safely loaded on the vessel type.

IT systems have supported NYK’s planning 
teams for decades, but recently the team 
began experimenting with augmenting 
decades of human experience and knowledge 
with artificial intelligence. Artificial 
intelligence (AI) excels at spotting patterns 
in vast volumes of data, solving complex 
problems that have clearly defined rules, 
and processing information at lightning 
speed. AI is perfectly suited to completing a 
complicated 3D puzzle against the clock.

For NYK, augmenting human expertise 
with artificial intelligence allows them 
to reach new levels of optimisation. The 
existing cargo planning system cannot 
fully optimise the voyage of each vessel 
because of the wide variety of fast-moving 
parameters involved. It is hoped that 
building AI into its existing systems allows 
the humans on their team to work faster, 
make better decisions, and ultimately 
maximise the efficiency of their fleet.

NYK Line is a global leader in automotive transportation. 
They operate a fleet of 120 Ro-Ro vehicle 

carriers that take a whole range of cars, trucks, agricultural 
equipment and plant machinery across the oceans every day. 

Artificial intelligence (AI) 
excels at spotting patterns in 
vast volumes of data, solving 
complex problems that 
have clearly defined rules, 
and processing information 
at lightning speed.



This is critically important, not just for 
NYK, but the entire global merchant fleet. 
The driver behind NYK’s AI planning 
tool is accelerating its decarbonisation 
programme. Maximising the utilisation of 
the fleet is the fastest way that NYK can 
improve the ton/mile efficiency of their 
ships. Whatever the future fuel mix of the 
industry looks like, we know that all of us 
will be required to do more with less.

The maritime industry is built upon centuries 
of human experience. Combining this human 
expertise and experience with artificial 
intelligence will allow us to process more 
information more quickly than ever before 
and ultimately make better decisions. But 
fusing AI into maritime operations is no 
easy task. Though it is the fastest growing 
technology sector in the maritime industry, 

it is still nascent. This report is aimed at 
supporting those operators who want to 
reap the benefits of AI while minimising 
the costs and risks. It explores the history 
of AI, how the technology works, and how 
it is being used in maritime today. Lastly, it 
makes recommendations for ship operators 
to consider on their pathway to adoption.

Whatever the future 
fuel mix of the industry 
looks like, we know that 
all of us will be required 
to do more with less.
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A BRIEF HISTORY 
OF ARTIFICIAL 
INTELLIGENCE

It was particularly brought to light 
by Alan Turing’s paper, Computer 
Machinery and Intelligence, published 
in October of that year. In this 
paper, Turing explored the idea of 
developing intelligent machines and 
how to measure their computing 
potential. It was in that paper that 
Turing discussed the possibility 
of a computer displaying human 
cognitive capabilities, something 
that would become known as the 
‘Turing Test’ or the ‘Imitation Game’.1

1   A. M. Turing, Computing Machinery and Intelligence, published 1950

2    M.L. Minsky, SNARC, published 1951

A year later, an American 
mathematician and computer 
scientist named Marvin Minsky 
built a machine that was considered 
the first neural network simulator. 
The Stochastic Neural-Analog 
Reinforcement Computer, or SNARC, 
was the first randomly connected 
neural net machine. It was based on 
the idea of reinforcing the synaptic 
connections that were used in 
calculations, allowing the machine 
to learn from the knowledge that is 
distributed throughout its network, 
rather than being explicitly written 
into a program.2 This form of AI 
was modelled on how the human 
brain recognises patterns to answer 
questions or solve problems. 

A group of researchers and computer 
scientists led by John McCarthy met 
at Dartmouth College and discussed 
Turing and Minsky’s work at the 
Dartmouth Summer Research Project 
on Artificial Intelligence. It was at this 
conference that McCarthy introduced 

The concept of artificial intelligence has been around 
since the early days of computing. Even in the 1950s, 

many scientists, researchers, and engineers spent time 
discussing this fuzzy field of thinking machines. 

This form of AI was 
modelled on how 
the human brain 
recognises patterns 
to answer questions 
or solve problems.



the term ‘Artificial Intelligence’ to 
the public. The conference was 
considered a catalyst for the growth 
of the Artificial Intelligence field as it 
introduced the potential of AI to other 
researchers from various disciplines.

It was also at this event that Herbert 
Simon, Allen Newell and Cliff Shaw 
presented the ‘Logic Theorist’, 
a program that could mimic the 
problem-solving skills of a human.3 
The program was pitted against the 
work of mathematicians Alfred North 
Whitehead and Bertrand Russell’s 
Principia Mathematica and ended up 
proving the complex mathematical 
theorems of AI in more detail. 

It was from 1957 to 1974 that 
developments in AI gathered pace, 
principally because of improved 
accessibility to computers, and 
increasing interest from government 
agencies in funding AI-focused 
institutional programs.

In 1959, Allen Newell and Herbert 
Simon developed the ‘General 
Problem Solver’ which was designed 
to work as a universal problem-solving 

3   H.A. Simon, A. Newell, J.C. Shaw, Logic Theorist, published 1956

4   H.A. Simon, A. Newell, General Problem Solver, published 1959

5   J. Weizenbaum, ELIZA, published 1966

6   The Fifth Generation Computing Project, 1981

7   The Alvey project, 1983

machine. The program used ‘means-
ends’ analysis as its central processing 
technique, compared to the Logic 
Theorist which used a search tree.4

From 1964 to 1966, Joseph 
Weizenbaum developed an early 
natural language processing program, 
called ELIZA, at the MIT Artificial 
Intelligence Laboratory. The program 
was able to simulate a conversation 
by using pattern matching and 
substitution methods and is regarded 
as the world’s first chatbot program.5

By the 1970s, the advancement of 
AI had gradually come to a halt as 
the technology caught up with  the 
limits of computer processing power. 
With few results to impress investors, 
funding options decreased and 
R&D efforts came to a standstill. 

AI was reignited during the 1980s 
and 90s with the development of new 
algorithmic programs such as Expert 
Systems and Deep Learning. These 
new AI tools garnered the interest 
of significant new investors such as 
the Japanese Government with its 
‘Fifth Generation Computing Project’,6 
the UK Government and its ‘Alvey 
project’,7 and the United States which 
offered considerable investment 
from both the public and private 
sectors. However, despite renewed 
interest and an influx of funding, 
the majority of the goals from 
these various projects never openly 
came to fruition, leading to further 
stagnation in the development of AI.

Overall, AI made great strides 
during the 90s and early 2000s, 
mostly thanks to advancements 
in computing power. The highest 

By the 1970s, the 
advancement of AI had 
gradually come to a 
halt as the technology 
caught up with  the 
limits of computer 
processing power. 
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profile advancements came from 
the private sector, such as IBM’s 
‘Deep Blue’ computer beating chess 
grand champion Gary Kasparov in 
1996,8 and an AI-driven autonomous 
vehicle built by Stanford University 
winning the 2005 DARPA Grand 
Challenge having completed an 
unrehearsed desert trail of over 
210 kilometres in length.9

Since 2010, the increase in computing 
power, data storage capacity, and 
the prevalence of big data continues 
to foster growth in the field of AI. 
Notable events such as DeepMind’s 
AlphaGo defeating the number 
one ranked ‘Go’ player in the world 
in 2017,10 and use cases such as 
Pfizer’s use of a machine learning 
tool to help speed up data analysis 
in COVID-19 vaccine trials in 2021,11 
contribute to the growing public 
interest and awareness of this 
rapidly developing technology.

The applications of AI are now 
reaching industries that were 
previously considered slow adopters; 
such as the maritime industry. History 
has shown us that every lull in the 
growth of AI is caused by a constraint 
brought about by the limitations 
of computer processing power. 
As we enter a period of increased 
innovation from both the public and 
private sectors, the limits of artificial 
intelligence will only continue to 
expand when we have the hardware 
making these complex programs 
more available and accessible.

8  IBM, Deep Blue beats Gary Kasparov, 1996

9  Stanford University, Autonomous vehicle Stanley wins DARPA Grand Challenge, 2005

10  Google, DeepMind, AI defeats number one ranked Go player, 2017

11  Pfizer, Machine learning tool helps in speeding up the data analysis of Covid-19 vaccine trials, published 2021

HOW 
ARTIFICIAL 
INTELLIGENCE 
WORKS 
Artificial intelligence is defined as 
a sub-field of computer science 
that deals with the development 
of computer systems that can 
perform tasks normally associated 
with intelligent human beings. 

The integration of AI as a key 
component in allied technologies 
results in its ability to perform 
human-like decision making and 
process tasks using a combination 
of large data sets, iterative 
processing algorithms, and other 
high-level computing capabilities.

AI solutions are designed with various 
systems and technologies under 
their hood. These components allow 
it to model human-like behaviour 
when solving complex problems. 
AI solutions vary in their approach 
to processing data to perform 
tasks, but all of them are formed 
around a common concept. 

AI systems operate by processing data 

Since 2010, the increase 
in computing power, data 
storage capacity, and 
the prevalence of big 
data continues to foster 
growth in the field of AI. 



that is fed into the system or gathered 
in its initial state. As it processes 
this data, it tests its performance 
and collects more data so that it 
continues to improve. The beauty of 
artificially intelligent systems is that 
they can perform hundreds of tasks 
and learn the necessary details in a 
short amount of time, allowing them 
to accomplish each task with greater 
accuracy. For these AI systems to 
work, they must be supplemented 
with high-quality data, intelligent 
data processing algorithms, and high 
performing computing hardware. 

12  IBM, Artificial Intelligence, website accessed 2022

TYPES OF AI
Researchers from IBM have classified 
AI into two general types; Weak AI 
and Strong AI. These classifications 
can be considered an overview of 
what AI has become and what it 
can become, based on the hardware 
and resources currently available. 

Weak AI is also known as Narrow AI or 
Artificial Narrow Intelligence and is the 
type of AI that is trained and focused 
to perform specific tasks. It is the 
most common form of AI in use today, 
and drives most of the world's current 
applications for the technology.

Strong AI on the other hand, is made 
up of two types: Artificial General 
Intelligence, involves a machine 
having an intelligence similar to 
humans and is capable of solving 
problems, learning from them, and 
planning ahead of time. The other 
type is Artificial Super Intelligence, 
which classifies a machine whose 
intelligence is far greater than 
that of a human being. Strong AI 
is still currently theoretical with 
no known applications in use 
today. Despite this, researchers 
continue to explore its potential 
and work on its development.12

Narrow AI is the most common 
form of AI in use today. It drives 
most of the world's current 
applications for the technology.
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AI solutions are gradually being 
integrated into the maritime 
industry, from maritime finance and 
insurance to ship management and 
operations. Today, AI is helping to 
make big strides towards optimising 
how the shipping industry operates. 
According to a survey conducted 
by Gartner on over 2,000 Chief 
Information Officers (CIOs), artificial 
intelligence is one of two key 
technologies that organisations 
believe will help them become 
flexible to the dynamic business 
landscape.13 This is a testament to 
how this emerging technology has 
become a critical factor in shaping 
the way businesses operate and how 
industries can foster innovation.

Currently, the maritime industry 
is applying artificial intelligence 
in several ways. The emerging 
use cases for the technology can 
be seen in digital twins, machine 
learning, knowledge-driven AI, 
natural language processing (NLP), 
neural networks, and sensor fusion. 

13  Gartner, 2022 CIO and Technology Executive Agenda, published October 2021

DIGITAL TWINS 

Digital twins are virtual 
representations of a physical object 
or system in real-time. The concept 
of digital twin technology consists 
of three parts; the virtual system or 
the digital twin, the physical system, 
and the connections between these 
two systems. The technology was 
developed to provide up-to-date 
information about the physical 
system and is also considered an 
effective tool for optimising asset 
performance and utilisation.

In combination with AI, digital twin 
technology can be used to not only 
monitor and diagnose the current 
condition of an asset, but also to 
forecast its performance and future 
condition. Several applications 
of digital twin technology in the 
maritime industry can be seen in 
anomaly detection, fault detection 
and isolation, asset diagnostics 
and prognostics, and operational 
optimisation solutions. 

Digital twins were developed to provide 
up-to-date information about the 
physical system and is also considered 
an effective tool for optimising asset 
performance and utilisation.



M ACH I NE LE ARNING/ 
DATA-DRI VEN AI

Machine learning (ML) is a subset 
of artificial intelligence and 
computational statistics. It is primarily 
concerned with building systems 
that improve their performance 
on a task when given examples of 
ideal performance on the task or 
improve their performance with 
repeated experience on the task.14

In its current state, ML is classified 
into three areas; Supervised 
Learning, Unsupervised Learning, 
and Reinforcement Learning. 

Supervised learning works by 
presenting the machine with a given 
set of examples, allowing it to learn 
set patterns and build on information 
to ultimately make choices that 
match the examples provided. It is 
highly focused on a single task and 
by feeding the model with more 
examples it becomes more accurate. 
Applications of supervised learning in 
the maritime industry can be seen in 
the forecasting of port traffic density 
using AIS data, and the classification 
of the carbon emission levels of 
various ships using the noon report 
data and environmental data. 

Startups such as Athens-based 
Deepsea Technologies use supervised 
ML to give fleet managers the 
power to learn from and act upon 
numerous data points. Using their 
proprietary technology, Deepsea 
is able to give vessel managers 
and operators insight on their 
emissions, operating machinery, 
and overall fleet performance.15 

Unsupervised learning works by 
giving the model the necessary 
tools for it to understand the 

14  Stanford Encyclopaedia of Philosophy, Machine Learning, website accessed 2022

15  DeepSea Technologies, website accessed 2022

properties of the data, and then 
allow the machine to generate its 
own insights. Unsupervised ML 
is adept at finding patterns and 
interpreting them to give the user a 
better sense of what the previously 
unorganised data contained. 

Applications of unsupervised learning 
in the maritime industry can be 
seen in the detection of vessel 
behaviour to improve situational 
awareness in ports and waterways, 
and the segmentation of vessel 
maintenance logs to identify central 
themes that affect the maintenance 
and operation of a vessel. These 
applications can be considered very 
useful, especially in the areas of 
maritime law and enforcement, and 
ship operations and management. 

Another use case for data-driven 
artificial intelligence can also be 
seen in the port management and 
optimisation solutions offered by 
Innovez One. The company’s MarineM 
platform uses AI-powered algorithms 
to aid port managers and operators 

Applications of supervised 
learning in the maritime 
industry can be seen in the 
forecasting of port traffic 
density using AIS data, 
and the classification of 
the carbon emission levels 
of various ships using 
the noon report data and 
environmental data.
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in optimising the utilisation of the 
port’s assets. By using data and 
technology, the company is able to 
help ports in reducing their costs 
and emissions through optimised 
resource planning. This solution 
allows some of the world’s busiest 
ports to manage the complexities 
of their operations, save significant 
costs and reduce wasted time.16

Reinforcement learning works by 
presenting the model a reward when 
it accomplishes a positive result 
on a task and updating its rules 
to fit itself towards getting that 
reward. The model will do this process 
iteratively and its performance can 
become highly accurate despite being 
in a previously unknown environment. 

Applications of reinforcement 
learning in the maritime industry can 
be focused on the areas of marine 
engineering and naval architecture, 
where the design of a ship can be 
trained to sail in complex situations 
and help it learn to adjust to its 
environment. Throughout the 
process, engineers and architects 
will be able to get a better idea of 
how the proposed design may be 
affected by a wide range of complex 
variables, and the model will be able 
to learn by itself, generating useful 
insights for the next design cycle. 

16  Innovez One, website accessed 2022

KNOWLEDGE-BASED AI

Knowledge-based AI is a form of 
artificial intelligence where the 
knowledge of domain experts 
is translated onto a knowledge 
base for the use of an inference 
engine in decision making, 
analysis, and insight generation.

A knowledge-based system consists 
of two components; the knowledge 
base, and the inference engine. A 
knowledge base is a collection of 
organised information designed in a 
way that makes it accessible in some 
electronic manner, while an inference 
engine is a system that allows users 
to access that knowledge base. 

Applications of this type of AI can be 
seen in search assistance tools like 
Apple’s Siri which can be considered 
as a higher-level form of knowledge-
based artificial intelligence, and other 
solutions that gather input from 
sensor data or from a dynamically 
updated knowledge base, such as 
workflow optimisation solutions 
where defined rules and explicitly 
detailed information help users in 
optimising operations that require 
a specific body of knowledge.



With the increased interest in the 
operational visibility of ships in the 
areas of emissions and commercial 
reporting, METIS Cybertechnology 
has incorporated knowledge-based 
artificial intelligence to support this 
demand by offering tools that allow 
operators to measure and monitor 
their carbon dioxide emissions, and 
to ensure operational compliance 
according to the charter party 
documentation.17 These solutions 
make use of knowledge bases that 
are specifically within the maritime 
domain. The company’s tools utilise 
the ship’s data, the charter party 
terms, and other information such 
as environmental guidelines and 
regulations. This allows operators 
to easily monitor key environmental 
metrics and ensure compliance 
based on the agreed parameters 
in the charter party contract.

17  METIS Cybertechnology, website accessed 2022

HYBRID AI

Hybrid AI is the combination of 
knowledge-based artificial intelligence 
and data-driven artificial intelligence. 
The combination of these approaches 
maximises the accuracy and the 
generalisation capability of the AI 
solution. By using both technologies, 
it can increase the level of consistency 
in terms of the solution’s analytical 
and decision-making capabilities. 
Hybrid AI may consist of a wide range 
of methods and techniques that come 
from both AI technologies and the 
design of the system will be entirely 
dependent on its desired output.

Researchers define this form of AI 
technology as the result of symbolic 
AI and non-symbolic AI. Symbolic 
AI or Abstract AI uses and enforces 
specific rules and logic that allow 
machines to compare and interpret 
how different entities relate to each 
other. Symbolic AI was popular in 
the 1950s and 1960s. It also uses 
less data and records the chain of 
sequences it has performed for it to 
conclude its decision. In contrast, 
non-symbolic AI or statistical AI 
interprets the data by identifying 
patterns using statistical methods.  

Hybrid AI may consist 
of a wide range of 
methods and techniques 
that come from both AI 
technologies and the 
design of the system will 
be entirely dependent 
on its desired output.
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This form of AI requires a large 
amount of data and is not effective 
in applying past knowledge to new 
situations. It can also be limited 
when the computing power it 
requires is not available.18

In the maritime industry, the 
applications of hybrid AI can be 
seen in high-level condition-based 
maintenance systems wherein a 
dynamically updated knowledge 
base works hand in hand with a 
supervised machine learning model 
to consistently identify potential 
machinery maintenance issues 
and failures. There can be more 
potential applications of hybrid AI 
especially in areas where domain 
knowledge is critical in a complex 
and shifting environment. 

18  MIT News, Hybrid AI, published 2019

19  IBM, Natural Language Processing, website accessed 2022

20  Scale Document AI, Flexport, website accessed 2022

NATUR AL L ANGUAGE 
PROCESSING 

Natural Language Processing is a 
subfield of artificial intelligence 
that deals with giving computers 
the ability to understand the text 
and spoken words in the same 
way that a human being can.19

Natural Language Processing or NLP 
combines a variety of concepts and 
technologies such as computational 
linguistics, where the human language 
is modelled based on certain rules, 
statistical models, and data-driven 
models. When these technologies 
are utilised together, they enable 
computer systems to process 
human language in the form of text 
or voice data and to interpret its 
meaning, intent, and/or sentiment. 

This form of AI technology has 
been used in the maritime industry 
such as in the preparation and 
processing of freight documents. 
Supply chain and shipping disruptors 
like Flexport have even used natural 
language processing as one of 
the technologies in their toolkit 
for them to process vital logistics 
documents quickly and accurately.20

When these technologies are 
utilised together, they enable 
computer systems to process 
human language in the form of text 
or voice data and to interpret its 
meaning, intent, and/or sentiment. 



The applications of natural language 
processing in the maritime industry 
can prove to be disruptive as 
with the case of the UK-based 
startup, BunkerEx. The company 
provides shipowners, operators, 
bunker buyers, freight traders and 
shipbrokers reliable bunker data for 
price assessment and benchmarking 
purposes conveniently through 
their laptops or their phones.21 The 
company delivers the data through 
the mobile messaging application, 
WhatsApp.22 By boosting the 
capabilities of their communication 
channels in the messaging application 
with natural language processing 
algorithms, users are able to get 
bunker prices by simply entering 
the name of the port, the vessel, or 
the distances between the ports, 
amongst many other options. This 
level of convenience and ease 
of access to critical information 
has allowed BunkerEx to increase 
the level of transparency in the 
bunker procurement process. 

21  BunkerEx, website accessed 2022

22  Meta for Developers, WhatsApp Business Platform, website accessed 2022

23  IBM, Neural Networks, website accessed 2022

NEUR AL NETWORKS

Neural Networks or Artificial Neural 
Networks are considered to be an 
area of research in the fields of 
neuroscience and computer science. 
Neural networks operate when 
a computer is trained to analyse 
samples of data for it to learn in 
performing the desired task. Neural 
networks are inspired by how the 
human brain establishes synaptic 
connections. Modern-day neural 
networks are organised into layers 
of processing units called nodes. In 
a basic neural network, these nodes 
are organised into layers. Data enters 
the network at the input layer. It is 
then passed to multiple nodes that 
all process the same data set, but 
in isolation from each other. This is 
known as the hidden layer. Finally it 
is passed to the output layer, where 
information from all of the nodes 
in the previous layer is weighted 
based on the past performance of 
the node it came from. This process 
allows the network to greatly 
improve its accuracy over time and 
deliver results at a high velocity.23 

This level of convenience 
and ease of access to critical 
information has allowed 
BunkerEx to increase the 
level of transparency in the 
bunker procurement process. 
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Several applications of neural 
networks in the maritime industry 
can be identified in object detection 
systems, and vessel performance 
modelling. The technology is slowly 
emerging within the industry as 
more organisations continue to 
adopt digital processes in their 
operations, and computing resources 
are becoming more accessible and 
available to the general public. 

CaptainAI, a deeptech startup 
based in the Netherlands, has used 
neural networks as one of the 
key technologies that make up its 
autonomous shipping solution. The 
company uses neural networks to 
create reliable predictions on vessel 
activity and other situational factors. 
Together with a stack of other 
artificial intelligence technologies, the 
team at CaptainAI are able to develop 
systems that can classify images, 
detect objects within these images, 
and label these objects to allow 
vessels to develop a  comprehensive 
level of situational awareness.24 

24  CaptainAI, website accessed 2022

25  Appen, Sensor Fusion, published 2021

SENSOR FUSION

Sensor fusion, or sensor information 
fusion, can be defined as the process 
of combining multiple forms of data 
from multiple sensors to perform 
data analysis and generate more 
accurate insights that apply to the 
AI’s desired output. The concept of 
integrating multiple data sources 
focuses on each sensor or data 
collection point having its own set 
of strengths and weaknesses. By 
taking advantage of the strength 
of each sensor, the system will be 
able to increase its accuracy in the 
task that it aims to accomplish.25 

The emergence of industry 4.0 
technologies such as the Internet 
of Things has acted as a precursor 
towards the integration of sensor 
fusion AI solutions in the maritime 
industry. Companies such as Orca AI 
use multiple data collection points 
that include the ship’s standard 
collection of sensors and add thermal 
and low-light cameras to feed what 
they call an intelligent collision 
avoidance system that helps ships 
navigate safely and avoid the loss 
of lives at sea. The sensor fusion 
AI technology acts as a decision 
support tool for mariners and 
aims to reduce the risk of human 
error in navigational operations. 

The emergence of 
industry 4.0 technologies 
such as the Internet of 
Things has acted as a 
precursor towards the 
integration of sensor 
fusion AI solutions in 
the maritime industry. 



CASE STUDY 
AI  AND COLLISION 
AVOIDANCE 
As digitalisation continues to progress in 
the maritime industry, technologies such 
as artificial intelligence have been utilised 
in many ways. AI has been used to improve 
visibility in supply chains and in optimising 
voyages. For Orca AI, they have used 
artificial intelligence to ensure safer seas.

Orca AI is an Israeli startup that has 
developed a solution to improve the 
safety of seafarers, ships, and cargo. The 
company has developed a system that offers 
navigational decision support and collision 
avoidance. The system makes use of artificial 
intelligence and deep learning techniques 
such as computer vision to help navigators 
by generating a vessel awareness system 
from the data gathered through various 
collection points. These data collection 
points include high-resolution thermal 
cameras, and the ship’s existing sensors. 
The data collected from these points are 
then contextualised and analysed to offer 
insights and alerts to mariners regarding the 
surrounding environment of the vessel.26 

The company’s technology is designed to 
ensure the navigational safety of ships in 
various conditions, such as low visibility 
areas, high traffic waterways, and challenging 
weather and ocean terrain. Their solution 
utilises AI to help seafarers make better 
informed decisions and reduce the cognitive 
strain associated with the work of the ship’s 

26  Orca AI, Collision Avoidance, website accessed 2022

navigational officers. The system is also 
designed to work with a fleet of vessels 
and allows ship managers to have a better 
understanding of the performance and the 
movement of their ships. This allows them 
to identify any unsafe behaviours and non-
compliant practises that may cause delays 
or incidents in the company’s operations. 

The application of artificial intelligence in 
Orca AI’s solution is just one of the many 
examples of how digital technologies 
can generate significant value for 
companies by making sure that ships 
operate more safely and efficiently.

Their solution utilises AI 
to help seafarers make 
better informed decisions 
and reduce the cognitive 
strain associated with 
the work of the ship’s 
navigational officers. 
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The pace of adoption has exploded in 
the last decade with the value of big 
data and digitalisation becoming more 
apparent to many operators in gaining a 
competitive advantage. The rise of AI in 
the maritime industry can be attributed 
to this increased adoption of digital 
solutions and data-driven processes.

At its core, the digital transformation of 
any organisation lies in the combination of 
people, process, and techology. Artificial 
intelligence is just one of the many drivers 
that are allowing companies to benefit 
from a more digital future. It has seen 
its implementation in the traditional 
processes that are currently being used, 
the technologies that are being developed 
to address the industry’s challenges, and 
towards the people that it aims to support.

Through the use of AI, many companies are 
able to effectively optimise their processes. 
An example of this can be seen in how AI 
can significantly reduce the time required 
when handling critical logistics documents. 
These documents which were previously in 
physical forms have been converted into 
electronic forms which make it easier for 
the parties involved to send and receive 
them. It is also where artificial intelligence 
technology is employed in the processing 
of these documents and transforms the 
entire process to become faster and more 
accurate by removing the risk of human 
errors and streamlining the entire workflow. 

The pace of adoption has 
exploded in the last decade 
with the value of big data 
and digitalisation becoming 
more apparent to many 
operators in gaining a 
competitive advantage. 

ARTIFICIAL INTELLIGENCE 
IN THE MARITIME 
INDUSTRY

Technology has always played an 
important role in the development of 

the global maritime industry. From the 
1990s, the use of information systems 
onboard ships has steadily grown. 



Being an emerging form of computing 
technology, artificial intelligence has also 
been identified as one of the many critical 
technologies that determine the future 
of the maritime industry. Whether the 
integration of AI may be in autonomous 
shipping, navigational support systems, and 
vessel performance optimisation solutions, 
it has the potential to deliver value to 
its users when implemented properly. In 
recent times, the research and development 
efforts in maritime technology have been 
focused on building the capability of a smart 
fleet of vessels. Designed with autonomy 
and sustainability in mind, companies 
have begun by addressing incremental 
changes such as optimising their current 
levels of performance to some companies 
experimenting on a fleet of vessels that are 
capable of moving cargo remotely and safely. 

The maritime industry is often seen as 
having a reluctant relationship with change. 
However, with the regulatory environment 
aiming to move the industry’s focus towards 
sustainability, this affects how the market 
currently operates and will plan to operate 
in the future. Ensuring the industry focuses 
on sustainability does not only pertain to the 
environment but also the people involved 
in the industry’s growth. From the seafarers 
to the policymakers, every individual that is 
involved in enabling the maritime supply chain 
will be affected by how artificial intelligence 
will be implemented in the industry. 

27  Thetius Intelligence Platform, Thetius, accessed 2022

28  Ibid

R APID ADOPTION

The adoption of AI in the maritime industry 
is at a nascent phase, and its development is 
dependent upon the computing infrastructure 
and the connectivity solutions available. 
However, with the increasing investments 
being poured onto the disruption of the 
global supply chain, artificial intelligence will 
likely be one of the technologies that will 
soon experience industry-wide acceptance.

In 2022 the maritime industry is forecast 
to spend $931 million USD on artificial 
intelligence solutions. That figure is 
forecast to more than double in the next 
five years to $2.7 billion USD by 2027, a 
compound annual growth rate of 23%.27

This rapid growth is driven in part by 
investment into the sector. In the last 
12 months, $331 million USD has been 
invested in startups and SMEs developing 
AI solutions for the maritime sector, with 
a further $43 million USD in grant funding 
being awarded to develop the technology 
for the maritime sector around the world.28

$931  MILLION
In 2022 the maritime 
industry is forecast to 
spend $931 million 
USD on artificial 
intelligence solutions. 
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M A R ITIME U SE CASES FOR 
A RTIFICIAL INTELLI GENCE

The combination of massive investment 
and rapidly increasing demand means 
that artificial intelligence is one of the 
fastest growing digital technology sectors 
in the maritime industry today. Currently, 
there are several use cases for AI that 
have begun to gain traction. This includes 
decision support solutions, its use for 
generating insights regarding machinery 
health, and its integration in autonomous 
ship systems, which enables an alternative 
future of an unmanned commercial fleet.

29  AUTOSHIP Project, European Union

30  DFFAS (Designing the Future of Full Autonomous Ship), Japan

AUTONOMOUS NAVIGATION

Autonomous navigation is defined as when 
the vessel is capable of defining its trajectory 
in its environment, and executing that action 
without any human intervention. The vessel 
would be capable of doing this through 
various technologies, such as radar and 
camera sensors and real-time analytics and 
processing components. In recent times, we 
have seen this field of application develop 
and encompass various technologies such as 
autonomous control systems and decision 
support systems, among many others. 

In recent years there has been an increasing 
trend of investment into the development 
of fully autonomous ships from both the 
public and private sectors. Several initiatives 
such as the EU-funded AUTOSHIP project29 
and the Japanese government’s DFFAS 
(Designing the Future of Full Autonomous 
Ship) project,30 focus on advancing the 
industry-wide adoption of autonomous 
ships. These initiatives are evidence of the 
industry’s shift and acceptance towards the 
emerging field of autonomous navigation and 
artificial intelligence. It is critical that as this 
field continues to progress, the complexity 
of the associated issues it carries with it is 
also managed, such as data management, 
cybersecurity, and the cohabitation of 
manned vessels and unmanned vessels. 
The application of AI in autonomous 
navigation can also include other systems 
and technologies whose aims are to support 
the ship’s autonomy in various degrees. 
These applications are evident in several use 
cases today, such as in collision avoidance 
systems, vessel performance optimisation 
solutions, and remote controlled workboats. 

Artificial intelligence is a key 
enabler of the development of 
autonomous navigation systems. 



DIG ITAL HE ALTH  M ANAGEMENT 

Digital health management, also known 
as machinery health management, can be 
described as the combination of technical 
support services and technology being 
enabled by digital solutions and data-
centric processes. It utilises technologies 
such as computing platforms and smart 
sensors to ensure that the machinery 
and equipment onboard the vessel are 
in good condition and are operating 
efficiently. Digital health management 
focuses on ensuring the reliability of the 
ship’s machinery and equipment through 
the use of diagnostic, predictive, and/or 
condition-based maintenance approaches.

Digital health management is applied in 
many areas of the shipping industry that 
can aid technical and commercial teams 
in making operational decisions that can 
effectively impact the bottom line of the 
organisation. Several applications can 
be observed in anomaly detection, fault 
detection, diagnostic maintenance, predictive 
maintenance, and asset utility optimisation. 

As predictive maintenance and condition 
monitoring systems are becoming more 
available to companies, artificial intelligence 
is one of the key technologies that is playing 
a role in the burgeoning growth of the 
market. Digital health management solutions 
are but one of the many industry verticals 
that make up this facet of the maritime 
industry that focuses on the shift towards 
digitally-enabled and data-driven practices.

More organisations are now placing 
importance on the value of operational 
visibility in the global supply chain. Digital 
health management offers itself as an 
effective solution by allowing a wide range 
of individuals within the organisation, such 
as the executive-level decision makers 
to the ship operators, to have a better 
perspective of the technical conditions 
that the various nodes in the network, such 
as ships and ports, are experiencing. 

[Digital health management] utilises 
technologies such as computing 
platforms and smart sensors to ensure 
that the machinery and equipment 
onboard the vessel are in good condition 
and are operating efficiently. 

Thetius - LR    |   The state of artificial intelligence in maritime   25



CASE STUDY  
FURUNO HELL AS 
AND DIGITAL HE ALT H 
M ANAGEMENT

The introduction of artificial intelligence 
and the improvements made in the state 
of Internet connectivity onboard ships has 
enabled companies like Furuno Hellas SA, a 
subsidiary of the Japanese marine electronics 
manufacturer Furuno, to promote the digital 
transformation of marine maintenance 
services within the industry. 

The company has developed HermAce, a 
digital health management system that aims 
to provide remote technical support and 
troubleshooting of the ship’s navigation and 
communication equipment. The system was 
designed to remotely monitor, maintain, and 
test the ship’s equipment. This approach 
makes the maintenance of navigation and 
communication equipment more cost-
effective and predictable by reducing the 
friction between the actions required and 
processes involved in having an expert be 
physically situated onboard the ship.31 

The HermAce system gathers data from 
various equipment and machinery, and 
automatically analyses this data using their 
proprietary model and algorithms developed 
by the team at Furuno Hellas. They designed 
the system to utilise digital twin technology 
to relay real-time information gathered from 
the ship’s bridge equipment to help in the 
identification, diagnosis and rectification 
of the problems. This digital twin creates a 
virtual copy of the bridge to allow Furuno’s 
maintenance experts to accomplish their 

31  Furuno Hellas, Digital Health Management, website accessed 2022

repair and assessment services without 
physically being present onboard. The system 
is also supported by a digital maintenance 
service that is scheduled to occur at a 
specific frequency to ensure the reliability 
of the equipment being monitored.

This system has led Furuno Hellas to be 
recognised by Lloyd’s Register (LR) for 
its Digital Twin Ready certification. This 
certification means that the HermAce 
system has passed LR’s evaluation process 
which involved a review of the systems’ 
engineering life cycle processes, the workflow 
involved in the model, the development of 
its algorithm, the conformity of its software, 
and its information security practices. 

 This digital twin creates a 
virtual copy of the bridge to 
allow Furuno’s maintenance 
experts to accomplish their 
repair and assessment 
services without physically 
being present onboard.

https://www.furuno.gr/


R EMOTE DI AGNOSTICS

Remote diagnostics is a niche service in the 
asset management market. It focuses on areas 
where artificial intelligence lacks the capability 
to understand and react to the technical 
conditions and the environmental factors that 
are present. It is reliant upon a connectivity 
platform to ensure that its users, such as a 
ship’s crew or a team situated at an offshore 
platform can effectively communicate with 
the human experts that are present online. 

Remote diagnostics was developed and 
designed to offer support services and 
maintenance advisories to individuals and 
teams whose locations are difficult for 
technical experts to reach. These services 
may include remote monitoring and technical 
support that may be conducted through a 
cloud-based platform or an online setting.

Several applications of remote diagnostics 
have been combined with artificial intelligence 
and a range of other technologies such as 
augmented reality, virtual reality, cloud 
computing, and edge computing. These 
AI-enabled support services in conjunction 
with a human subject matter expert have 
allowed for the successful completion of 
technically complex and mission critical 
operations. All the while, performing these 
operations economically and efficiently. 

32  Wartsila, Augmented reality creates a new dimension in marine maintenance services, published 2018

The Finnish manufacturing company Wärtsila 
has implemented this technology to improve 
their delivery of marine maintenance services 
through the use of smart glasses that are 
equipped with internet and Bluetooth 
connectivity, a camera and a microphone 
that allows for real-time communication 
with remotely located experts.32 Other 
companies have utilised a collaborative 
platform approach which allows shore-based 
and ship-based personnel to communicate 
to each other, and evaluate the performance 
of the ship’s equipment and machinery 
through a unified software that contains 
the parameter data, operational data, and 
maintenance data of all the monitored assets. 

With the improvements in ship connectivity 
and the advancements being made in 
satellite technology in recent years, remote 
diagnostics will potentially be an area that 
will continue to generate attention from the 
maritime industry and will further propel the 
industry towards a digitally-enabled future. 

These AI-enabled support services 
in conjunction with a human subject 
matter expert have allowed for the 
successful completion of technically 
complex and mission critical operations.
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V IRTUAL CO MMI SSI O NI NG

The commissioning process and the testing 
of physical equipment are both important 
for ships and technical teams to ensure the 
seaworthiness of the vessel. The process relies 
upon the concept of forecasting the potential 
problems based upon the asset’s design and 
maintenance history, identifying potential 
issues during the initial and subsequent 
operations, and rectifying those issues to 
ensure the long-term reliability of the asset. 

Through artificial intelligence and other forms 
of digital technologies, the ability to perform 
a virtual commissioning process has now 
become possible. Virtual commissioning can 
be defined as the application of digital twin 
technology or simulation technology to test 
the performance of an asset’s design and 
structure within a virtual environment. The 
process reduces the risk of potential errors 
and gives an added layer of confidence for 
technical teams and commissioning engineers 
when they introduce an asset into the physical 
world. The process of commissioning an 
asset in a virtual setting allows engineers 
and designers to model and assess each 
potential scenario while taking none of the 
risks that comes with it in a physical setting. 

The concept of virtual commissioning has 
been present in the naval architecture and 
marine engineering sector for quite some 
time through their use of simulation models in 
preparing structural designs. The integration 
of AI further improves this by allowing 
the simulated model to experience more 
potential scenarios depending upon the data 
that is available or the predictive algorithm 
that is being used. Several companies have 
taken the concept of virtual commissioning 
and have applied it towards the virtual 
simulation of an asset’s performance and 
utilisation in real-time. Through digital twin 
technology and predictive analytics, virtual 
commissioning solutions can become a more 
cost-effective option for companies that 

are performing these high risk technical 
assessments of their physical assets. It can 
also be noted that the virtual commissioning 
process can act as an efficient method for 
gathering information that is necessary for 
the physical testing and evaluation of the 
asset. It is an advantageous application of 
artificial intelligence that companies can use 
many ways to reduce the risks involved and 
increase the operational lifetime of an asset.

The process of commissioning 
an asset in a virtual 
setting allows engineers 
and designers to model 
and assess each potential 
scenario while taking none 
of the risks that comes with 
it in a physical setting. 



CASE STUDY  
AI  POWERED VOYAGE 
OPTIMISATION
AI technology for voyage optimisation is 
primarily focused on reducing vessel fuel 
consumption, resulting in the reduction 
of CO2 emissions and running costs. One 
example is i4 Insight’s Greensteam AI 
technology which achieves this fuel reduction 
goal by first training on data to learn how 
the vessel performs. This involves combining 
both low and high frequency data sources to 
get as much data on the vessel as possible. 
Empirical legacy models often only look at 
10% of vessel data whereas AI models ingest 
over 90% of vessel data to create extremely 
accurate vessel performance insights.

Once the AI technology has developed a 
vessel specific model, this can be used to 
understand past performance and to generate 
predictive performance insights which enables 
better optimisation decision making. The AI 
model is continuously learning as more and 
more vessel data is collected so the model 
continues to get more accurate and always 
reflects the current vessel performance.

One of the major optimisation opportunities 
is based on route and speed optimization. 
The model analyses the current vessel 
performance and generates vessel specific 
speed consumption curves based on 
draft, trim and weather conditions.

On average Route and Speed optimization 
delivers a 2-3% reduction in voyage 
costs. The outcome is an optimal set of 
voyage instructions (in terms of instructed 
fuel consumption,  power, SOG and 
waypoints) which provides a voyage profile 
to minimise total voyage cost which is 
refreshed throughout the voyage.

This AI model is also being used to manage 
environmental factors like hull fouling. Hull 
fouling is the biggest preventable cause of 
excess fuel consumption and controllable GHG 
emissions in the worldwide shipping fleet. 
The AI technology creates a condition-based 
cleaning regime which optimises hull cleaning 
schedules to prevent over cleaning and 
damage to coatings, or under cleaning creating 
excess resistance. Optimum cleaning regimes 
ultimately cut costs and reduce emissions.

AI models can use 90% 
of the data generated 
and process it almost 
instantaneously to create 
extremely accurate vessel 
performance insights.
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AI has the potential to revolutionise 
maritime operations and create 
significant competitive advantages 
for those companies that embrace 
it. But the pathways to adoption 
are not straightforward. Though 
incredibly powerful, this nascent 
technology is still in the earliest 
days of adoption in the industry. The 
recommendations below are intended 
as a guide to ship operators who 
want to leverage the potential of AI 
while minimising the costs and risks 
involved with experimenting with it.

AI has the potential to 
revolutionise maritime 
operations and create 
significant competitive 
advantages for those 
companies that embrace it. 

THE PATH TO 
ADOPTION: 
CONCLUSIONS AND 
RECOMMENDATIONS  
TO INDUSTRY
Artificial intelligence is the fastest growing technology 

in the maritime industry. The technologies that 
have been explored in this report are built on top 
of a digital transformation that has been happening 
across the industry for at least the last decade. 



1 . WORK  
WITH THE 

RIGHT DATA
All intelligence relies on data. From 
the moment they are born, humans 
use senses such as sight, touch, 
hearing and taste to gather data 
from the world around them. The 
data is stored as memories, and 
retrieved to support the decisions 
we make in our day to day life.

Artificial intelligence is no different, 
whatever type of AI is being deployed, 
it relies on vast volumes of data to 
function effectively. Much of an AI 
system’s capability and power comes 
from the data that it has access to. 
Access to large, high quality datasets 
is therefore a critical enabler for the 
development of effective AI systems.

In recent years, many ship operators 
have been on a journey to begin 
collecting, storing, and using large 
amounts of data in their operations. 
The insight generated by these 
initiatives is valuable in its own right, 
but it also serves as a foundation for 
successfully implementing any kind 
of AI development programme.

The first step to using AI effectively 
is to work with the right data. 
Some data sets can be bought, 
such as weather, maritime traffic, 
or trade volumes. But data that is 
unique to a particular fleet, such as 
fuel consumption, will need to be 
collected, stored and made accessible.

The quality of the insight generated 
or the decisions made by an AI system 
will be directly correlated to the 
quality of the data it has access to. 
Attempting to introduce AI anywhere 
in a ship’s operation without the right 
data will at best result in poor results. 
At worst it could be dangerous.

The quality of the 
insight generated or 
the decisions made 
by an AI system will 
be directly correlated 
to the quality of the 
data it has access to. 
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2. BUY  DON’T 
BUILD

A question that faces any team on the path to 
adopting artificial intelligence is whether to 
build systems from scratch, or whether to buy 
them from third party service providers. The 
reality is that the best approach will require a 
combination of both, but for the vast majority 
of ship operators, it will be far cheaper and 
easier to buy access to the right algorithms, 
data sets, or functions to make the system 
genuinely valuable to the team that needs it.

Microservices are small cloud based 
applications that can be integrated into a 
larger application to perform a particular 
task. They usually exist to perform a very 
narrow task, such as delivering a piece of 
data from a database or processing some 
data that has been sent to it. They are 
becoming increasingly popular, with many 
of the applications you rely on in your day 
to day life using a microservice somewhere. 
Microservices work by using APIs to 
automatically ask another application for 
something. For example, instead of storing 
forecasts for every possible location on earth, 
the weather app on your phone likely uses an 

33  Programmable Web API Directory, Algorithms, ProgrammableWeb, accessed 2022

34  Thetius Intelligence Platform, Thetius, accessed 2022

API microservice to get weather data from a 
cloud database just for your time and location. 

A growing number of AI applications are 
becoming available as microservices. API 
marketplaces have made it possible to 
effectively rent algorithms and integrate 
them into your own systems. For example on 
the Programmableweb API directory, there 
are 78 machine learning algorithms available 
that cover everything from facial recognition 
and image classification, to risk calculations 
and time series forecasts.33 Some of these 
algorithms cost a fraction of a penny each 
time they are used and can be integrated 
into another system with one line of code.

As well as integrating microservices into 
existing systems, it is possible to purchase 
entire systems off the shelf. The last five 
years has seen an explosion in the number 
of startups working in the maritime sector. 
There are now more than 260 organisations 
actively developing solutions for the industry 
that use artificial intelligence somewhere 
in their software stack.34 The majority 
of these solutions are cloud based and 
available to purchase off the shelf.

Far more important than the decision to invest 
in buying or building systems is the decision 
to invest in skills. Artificial intelligence is 
an emerging field of computer science, and 
truly understanding the capabilities and 
limitations of these new systems requires a 
specialist skillset. More importantly, these 
systems work most effectively when they 
are fully integrated into existing systems and 
workflows, it is therefore critical to have 
the people with the right skills available 
to continuously develop integrations and 
maximise value for end users. This applies 
in every scenario, whether the system is 
built in-house or bought off the shelf.

A growing number of AI 
applications are becoming 
available as microservices. 
API marketplaces have made 
it possible to effectively rent 
algorithms and integrate them 
into your own systems. 



3. LE VER AGE 
EXPERTISE

Though it is always preferable to build 
the right skillset in an in-house team, it 
is also possible to leverage the expertise 
of third parties. There is a growing range 
of consultancies and service providers 
that specialise in the development of AI 
systems and have maritime expertise. 
Though this has traditionally included 
specialist IT and digital consultancies, it 
is increasingly including bodies such as 
classifications societies and even flag 
states that have invested in developing 
knowledge and expertise in this field.

To support ship operators to find verified AI 
solutions or providers, Lloyd’s Register has 
recently launched an Artificial Intelligence 
Register. The register is aimed at helping 
operators to find appropriate providers and 
solutions for business challenges, while 
minimising the risk and cost of investing in 
the technology. Further, AI providers can also 
use the Register to assess existing technology 
and solutions that exist within the market.

The register already includes a range of 
vetted suppliers including Furuno, HAT 
Analytics, Korea Shipbuilding & Offshore 
Engineering (KSOE), Samsung Heavy 

35  Lloyd’s Register launches industry-first Artificial 
Intelligence Register, Lloyd’s Register, 2021

Industries (SHI), Hyundai Heavy Industries 
(HHI) and ZhenDui Industrial Artificial 
Intelligence (ZDIAI). Solution providers 
that are on the register have been verified 
against a specific compliance framework 
developed by Lloyd’s Register to ensure 
that they have the knowledge and expertise 
to deliver in their specialist area.35

Artificial intelligence is the fastest growing 
maritime technology sector. Any fast growing 
sector will attract new entrants of varying 
levels of quality and expertise, maritime is no 
different. Truly understanding the capabilities 
of a solution provider is therefore critical 
to successful adoption. Whether through a 
register of approved providers, or by hiring 
a specialist, leveraging expertise is key to 
minimising risk and maximising value.

Truly understanding the 
capabilities of a solution 
provider is therefore critical 
to successful adoption.

There is a growing range of 
consultancies and service 
providers that specialise 
in the development of 
AI systems and have 
maritime expertise. 
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4. C RE ATE A 
SAFE TESTING 

E NVIRONMENT
Just like human intelligence, artificial 
intelligence is built on the principle of learning 
from failure. How an algorithm or system is 
incentivised will impact how it learns. So too 
will the data it is fed by. In the early days 
of a system’s development, this can cause 
unexpected results. As part of a research 
project, PhD students at Carnegie Mellon 
University developed an algorithm capable of 
playing Nintendo games. When playing Tetris, 
the algorithm was incentivised to not lose 
the game. After playing and eventually losing 
thousands of times the system simply paused 
the game as a way to stop itself from losing.36

There are a whole host of stories of AI 
systems doing strange things. Sometimes 
this is caused by the system having access 
to the wrong type of data or a biassed 
data set. Sometimes it is caused by the 
algorithm being incentivised incorrectly. In 
many circumstances this is not an issue, but 
in safety critical areas such as equipment 
maintenance, collision avoidance or alarm 
systems, relying on algorithms that haven’t 
been fully tested can be dangerous.

36  The First Level of Super Mario Bros. is Easy with Lexicographic Orderings and Time Travel . . . 
after that it gets a little tricky, Murphy, Carnegie Mellon University, 2013

This is far less likely to be an issue if you 
are using a system that has been evaluated 
by and approved by a classification society. 
One way of overcoming the uncertainty is to 
create a safe testing environment. This could 
be by using a digital twin as a simulation 
environment for experimental systems, or 
it could be by having a designated ship to 
act as a Beta tester for systems that are 
being applied in the real world. Having a 
Beta ship that has a forward thinking crew 
and can be closely monitored from ashore 
provides a safer way to test experimental 
systems and prove their value before rolling 
the systems out across a wider fleet.

Having a Beta ship that has 
a forward thinking crew and 
can be closely monitored 
from ashore provides a safer 
way to test experimental 
systems and prove their value 
before rolling the systems 
out across a wider fleet.



There is zero doubt that during the next 
decade, artificial intelligence systems 

will become as important as IT systems in the 
operation of the world’s merchant fleet. 

Though the path to adoption is not 
straightforward, it is clear that those industry 
stakeholders who are early movers will be 
able to operate ships that are more highly 
optimised, more highly automated, and likely 
much safer than those in operation today. This 
trend is reflected in the growth of demand 
seen for the technology in the last two years 
and the forecasted growth over the next five 
years. While there is no doubt that AI is here 
to stay, it will not replace human the value 
of human intelligence, merely augment it.

THE 
LEARNING 
CURVE
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ARTIFI C IA L  IN TELLI GENCE

Artificial intelligence is the activity 
devoted to making machines 
intelligent, and intelligence is that 
quality that enables an entity to 
function appropriately and with 
foresight in its environment.

Nils J. Nilsson, The Quest for 
Artificial Intelligence: A History of 
Ideas and Achievements, 2010

NEUR AL  NE T/NE UR AL 
NETWOR KS

Neural networks or artificial neural 
networks is defined as a computing 
system made up of a number of 
simple, highly interconnected 
processing elements, which process 
information by their dynamic state 
response to external inputs.

Dr. Robert Hecht-Nielsen, Neural 
Network Primer: Part I by Maureen 
Caudill, AI Expert, Feb 1989

SE ARCH TR EE

A search tree or a binary search tree 
(BST) is a binary tree where every 
node in the left subtree is less than 
the root, and every node in the right 
subtree is of a value greater than the 
root. The properties of a binary search 
tree are recursive: if we consider any 
node as a “root,” these properties will 
remain true. Due to the way nodes 
in a binary search tree are ordered, 
an in-order traversal (left node, 
then root node, then right node) 
will always produce a sequence of 
values in increasing numerical order.

Tamara Nelson-Fromm, Introduction 
to Data Structures and Algorithms 
with C++, University of Illinois 
at Urbana-Champaign

ME ANS-ENDS ANALYSIS

Means-ends analysis is a problem 
solving strategy that involves 
choosing and analyzing an action 
at a series of smaller steps to 
move closer to the goal.

Kathryn Dumper, William Jenkins, 
Arlene Lacombe, Marilyn Lovett, 
Marion Perimutter, Problem-
Solving, Welcome to Psychology, 
online textbook accessed 2022

NATU R AL L ANGUAGE 
P RO CESSING

Natural language processing (NLP) 
refers to the branch of computer 
science—and more specifically, 
the branch of artificial intelligence 
or AI—concerned with giving 
computers the ability to understand 
text and spoken words in much 
the same way human beings can.

IBM, website accessed 2022

DEEP  LE ARNING

Deep learning is a subset of machine 
learning, which is essentially a neural 
network with three or more layers. 
These neural networks attempt to 
simulate the behaviour of the human 
brain—albeit far from matching its 
ability—allowing it to “learn” from 
large amounts of data. While a neural 

network with a single layer can 
still make approximate predictions, 
additional hidden layers can help to 
optimise and refine for accuracy.

IBM, website accessed 2022

EXPERT SYSTEMS

An expert system (ES) is a knowledge-
based system that employs knowledge 
about its application domain 
and uses an inferencing (reason) 
procedure to solve problems that 
would otherwise require human 
competence or expertise. The power 
of expert systems stems primarily 
from the specific knowledge about 
a narrow domain stored in the 
expert system’s knowledge base.

Expert Systems and Applied 
Artificial Intelligence, University 
of Missouri - St. Louis

M ACHINE LE ARNING

Machine learning is a subfield of 
artificial intelligence that gives 
computers the ability to learn without 
explicitly being programmed.

Sara Brown, Machine Learning 
Explained, Massachusetts Institute 
of Technology Sloan School of 
Management, 21 April 2021

SUPERVISED LE ARNING

Supervised learning, also known as 
supervised machine learning, is a 
subcategory of machine learning and 
artificial intelligence. It is defined by 
its use of labelled datasets to train 

GLOSSARY OF TERMS



algorithms that to classify data or 
predict outcomes accurately. As input 
data is fed into the model, it adjusts 
its weights until the model has been 
fitted appropriately, which occurs as 
part of the cross validation process.

IBM, website accessed 2022

UNSUPERV ISE D LE ARNI NG

Unsupervised learning, also known 
as unsupervised machine learning, 
uses machine learning algorithms 
to analyse and cluster unlabeled 
datasets. These algorithms 
discover hidden patterns or data 
groupings without the need for 
human intervention. Its ability to 
discover similarities and differences 
in information make it the ideal 
solution for exploratory data analysis, 
cross-selling strategies, customer 
segmentation, and image recognition.

IBM, website accessed 2022

REINFOR C E MEN T LE ARNI NG

Reinforcement learning is the 
training of machine learning models 
to make a sequence of decisions. 
The agent learns to achieve a goal 
in an uncertain, potentially complex 
environment. In reinforcement 
learning, an artificial intelligence 
faces a game-like situation. The 
computer employs trial and error 
to come up with a solution to the 
problem. To get the machine to 
do what the programmer wants, 
the artificial intelligence gets 
either rewards or penalties for 
the actions it performs. Its goal is 
to maximise the total reward.

Błażej Osiński, Konrad Budek, 
What is reinforcement learning? 
The complete guide, 5 July 2018 

STRO NG AI/ARTIFICIAL 
GENER AL INTELLIGENCE

Strong artificial intelligence (AI), also 
known as artificial general intelligence 
(AGI) or general AI, is a theoretical 
form of AI used to describe a certain 
mindset of AI development. If 
researchers are able to develop Strong 
AI, the machine would require an 
intelligence equal to humans; it would 
have a self-aware consciousness that 
has the ability to solve problems, 
learn, and plan for the future.

IBM, website accessed 2022

WE AK AI/ARTIFICIAL 
NARROW INTELLIGENCE

Weak AI, also known as narrow AI, 
focuses on performing a specific 
task, such as answering questions 
based on user input or playing 
chess. It can perform one type 
of task, but not both. It relies on 
human interference to define the 
parameters of its learning algorithms 
and to provide the relevant 
training data to ensure accuracy. 

IBM, website accessed 2022

ARTIFICIAL SUPER 
INTELLIGENCE

Artificial Super Intelligence (ASI) 
is the hypothetical AI, where 
machines will become self-aware/
self vigilant enough to surpass the 
capacity of human intelligence 
and behavioural ability.

What is Artificial Super Intelligence?, 
Geeks for Geeks, 2 July 2020

SYMBOLIC  AI/ 
ALGORITHMIC AI

Symbolic AI, also called 
algorithmic AI, is knowledge that 
is encoded in a symbolic form, 
together with rules to manipulate 
symbols and their relations. 

Anders Braarud Hanssen, Stefano 
Nichele, Ethics of Artificial 
Intelligence Demarcations, Oslo 
Metropolitan University, AI Lab

NON-SYMBOLIC  AI/
CONNECTIONIST AI

Non-symbolic AI, or also known 
as connectionist AI, refers to a 
large network of units (neurons) 
that are interconnected together 
and encode/process information 
in a distributed way.

Anders Braarud Hanssen, Stefano 
Nichele, Ethics of Artificial 
Intelligence Demarcations, Oslo 
Metropolitan University, AI Lab
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 A. M. Turing, Computing Machinery and 
Intelligence - 1950 
https://academic.oup.com/mind/article/LIX/236/433/986238

M.L. Minsky, SNARC - 1951 
https://web.media.mit.edu/~minsky/minsky.html

H.A. Simon, A. Newell, J.C. Shaw, Logic Theorist - 
1956 
https://www.cs.swarthmore.edu/~eroberts/

cs91/projects/ethics-of-ai/sec1_2.html

H.A. Simon, A. Newell, General Problem Solver - 
1959  
https://stacks.stanford.edu/file/

druid:zk239tp3547/zk239tp3547.pdf

J. Weizenbaum, ELIZA - 1966 
https://dl.acm.org/doi/10.1145/365153.365168

Japan, The Fifth Generation Computing Project - 
1981 
https://dl.acm.org/doi/abs/10.5555/3447065.3447072

The United Kingdom,  
Alvey project - 1983 
https://publications.parliament.uk/pa/ld201719/

ldselect/ldai/100/10018.htm

IBM, Deep Blue beats  
Gary Kasparov - 1996 
https://spectrum.ieee.org/how-ibms-deep-blue-beat-

world-champion-chess-player-garry-kasparov

Stanford University, Autonomous vehicle Stanley 
wins DARPA Grand Challenge - 2005 
https://news.stanford.edu/news/2005/

october12/stanleyfinish-100905.html

Google, DeepMind, AI defeats number one ranked 
Go player - 2017 
https://www.npr.org/sections/thetwo-

way/2017/05/25/530016562/google-a-i-clinches-series-

against-humanitys-last-best-hope-to-win-at-go

Pfizer, Machine learning tool helps in speeding up 
the data analysis of Covid-19 vaccine trials - 2021 
https://www.pfizer.com/news/articles/how_a_

novel_incubation_sandbox_helped_speed_up_data_

analysis_in_pfizer_s_covid_19_vaccine_trial

IBM, Artificial Intelligence  
https://www.ibm.com/cloud/learn/what-is-artificial-

intelligence#toc-types-of-a-q56lfpGa

Gartner, 2022 CIO and Technology Executive 
Agenda - October 2021 
https://www.gartner.com/en/newsroom/press-releases/2021-

10-18-gartner-survey-of-over-2000-cios-reveals-the-need-

for-enterprises-to-embrace-business-composability-in-2022

Stanford Encyclopaedia of Philosophy, Machine 
Learning  
https://plato.stanford.edu/entries/artificial-

intelligence/#BlooMachLear

DeepSea Technologies, website accessed 2022 
https://www.deepsea.ai/

 Innovez One, website accessed 2022 
https://www.innovez-one.com/

METIS Cybertechnology, website accessed 2022 
https://www.metis.tech/solutions/
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