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 Chapter 1 

 AI Fundamentals for the Maritime Industry 

1.1  Introduction: Why AI Matters to Maritime Professionals 

The maritime industry is undergoing a quiet but profound transformation. For centuries, 
shipping has relied on human judgement, mechanical systems, and procedural discipline to 
ensure safe and efficient operations at sea.  

Today, a new layer is being added to this foundation: Artificial Intelligence (AI). Unlike past 
technological shifts - such as the transition from paper charts to ECDIS or from manual engine 
logs to automated monitoring - AI does not merely digitise existing processes. It learns from 
data, identifies patterns, and supports decision-making in ways that were previously 
impossible. 

 

For maritime professionals and seafarers, AI is not a distant or abstract concept reserved for 
technology companies or shipyards. It is already influencing how routes are planned, how 
machinery health is monitored, how fuel consumption is optimised, how risks are detected, 
and how decisions are supported both onboard and ashore.  

Understanding AI is therefore becoming a professional competency, much like understanding 
radar, GMDSS, or planned maintenance systems. 

 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

As a superintendent overseeing a fleet of cargo vessels, the question is no longer whether to 
engage with AI - vendors, charterers, vetting inspectors, and classification societies are already 
using it. The real question is whether your fleet's human element is equipped to supervise these 
systems intelligently. 

 

When evaluating any new AI tool for your vessels, start by asking: What data does it need? Who 
onboard will interact with it? What happens if it gives a wrong recommendation? If the crew 
cannot answer the third question, the system is not ready for deployment. 

 

1.2  What Is Artificial Intelligence? 

At its core, Artificial Intelligence refers to computer systems designed to perform tasks that normally 
require human intelligence. These tasks include learning from experience, recognising patterns, 
understanding language, interpreting images, and supporting decision-making. 
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In a maritime context, AI systems may analyse large volumes of sensor data from engines or 
navigation systems, identify abnormal behaviour in machinery or vessel movement, 
recommend optimal routes based on weather, traffic, and fuel efficiency, detect safety risks 
before incidents occur, and assist shore teams in managing fleets and compliance. 

 

It is important to distinguish AI from traditional automation. Traditional automation follows fixed 
rules: if a parameter crosses a threshold, an alarm is triggered. AI, on the other hand, can 
adapt and improve over time by learning from historical and real-time data. In simple terms: 
Automation follows instructions; AI learns from data. 

 

 

 

�  PRACTICAL EXAMPLE 

Think of the difference between a standard fire alarm and an AI fire detection system. A standard 
alarm (Automation) follows a fixed rule: 'If smoke density > 5%, sound the alarm.' It cannot think - if 
steam or dust crosses that threshold, it triggers a false alarm. 

 

An AI system, however, has 'seen' thousands of images of smoke, steam, and dust. It analyses the 
visual pattern and movement. It 'knows' that steam dissipates quickly while smoke lingers. It 
doesn't just follow a rule; it makes a judgement based on what it has learned, reducing false 
alarms. 
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1.3  Key Components of AI Explained Simply 

 

1.3.1  Machine Learning (ML) 

Machine Learning is a subset of AI where systems learn patterns from data rather than being 
explicitly programmed. Instead of programming an engine monitoring system with hundreds of 
rules, a machine learning model can be trained on historical engine data to learn what 'normal' 
operation looks like and detect deviations. In shipping, machine learning is commonly used for 
predictive maintenance, fuel consumption analysis, voyage performance optimisation, and 
anomaly detection in sensor data. 

1.3.2  Deep Learning 

Deep learning is a specialised form of machine learning that uses neural networks, inspired 
loosely by the human brain. Deep learning is particularly effective for complex data such as 
images, audio, and video. This is the technology behind Computer Vision - examples in 
maritime include image-based hull inspection using drones, computer vision for collision 
avoidance, and video analytics for security and safety monitoring. 

 

1.3.3  Data Science 

Data science focuses on collecting, cleaning, analysing, and interpreting data to extract 
insights. AI systems rely heavily on good data science practices. Poor data quality leads to 
poor AI decisions - a principle often summarised as 'garbage in, garbage out.' For seafarers, 
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this highlights the continued importance of accurate data entry, correct sensor calibration, and 
proper record-keeping.  

1.3.4  Generative AI (GenAI) 

While Machine Learning and Deep Learning analyse existing data to find patterns, Generative 
AI creates new content. Tools like ChatGPT are examples of GenAI. In a maritime context, 
GenAI can draft near-miss reports or maintenance summaries based on crew input, condense 
complex IMO/Flag State circulars into clear summaries for the Master, and generate realistic 
collision scenarios for bridge simulators. 

 

⚠  CAUTION 

GenAI can 'hallucinate' - generating plausible-sounding but factually incorrect content. Any 
AI-generated report, regulatory summary, or maintenance recommendation MUST be reviewed 
and verified by a qualified officer or superintendent before sign-off. Never allow AI-generated text 
to be entered into official records (ORB, BW Log, SMS forms) without human verification. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

For the fleet superintendent, GenAI immediately offers value in three areas: 

1. Deficiency responses: AI can draft technically sound responses to PSC deficiencies for the 
Master to verify and refine - saving hours of writing time after a detention. 

2. Circular distribution: New IMO, flag state, or class circulars can be summarised by AI and 
distributed to all vessels with a 'Key Actions Required' section, improving fleet-wide compliance 
uptake. 

3. Purchase order descriptions: GenAI can help junior officers write clear, precise requisitions for 
spare parts, reducing back-and-forth with suppliers and the ship management office. 

 

1.4  How AI Learns: A Practical Perspective 

AI systems learn through exposure to data. In maritime applications, this data comes from 
engine sensors (pressure, temperature, vibration), navigation systems (GPS, AIS, ECDIS), 
weather data, fuel flow meters, maintenance records, and incident and near-miss reports. The 
learning process involves three stages: Data Collection - gathering large volumes of relevant 
data over time; Training - using historical data to teach the AI to recognise patterns; Inference - 
applying the learned patterns to new, real-time data. 

 

1.5  AI vs Human Expertise: Complement, Not Replacement 

A common concern among seafarers is whether AI will replace human roles onboard ships. In 
reality, AI is designed to assist, not replace, maritime professionals. AI excels at processing 
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large volumes of data quickly, identifying subtle patterns, and monitoring systems 
continuously without fatigue. Humans excel at contextual judgement, ethical decision-making, 
situational awareness, and handling novel and unexpected scenarios. The safest and most 
effective maritime operations occur when human expertise and AI systems work together. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

A superintendent's authority is not diminished by AI - it becomes more demanding. When AI flags 
a developing main engine bearing issue on a vessel three days from the nearest port, the 
superintendent must still decide: Can the voyage continue safely under load reduction? Is a 
diversion justified commercially? Does this meet the threshold for Class notification? 

 

AI gives you better data, faster. The judgement call remains yours. Document your reasoning 
clearly whenever you override or accept an AI recommendation - this creates a defensible audit 
trail for ISM and P&I purposes. 

 

1.6  Narrow AI, Data, and Common Myths 

All AI systems currently used in shipping fall under Narrow AI - designed for specific tasks 
such as fuel optimisation or fault detection. 

AI systems depend on data in the same way ships depend on fuel. Key data challenges in 
maritime operations include sensor reliability and calibration, data gaps due to connectivity 
limitations, inconsistent formats across manufacturers, and human errors in manual data entry. 

Common myths: AI does NOT make ships autonomous overnight - most systems today are 
decision-support tools. AI does NOT eliminate the need for skilled crew - skilled crew are 
essential for supervising and interpreting AI outputs. AI systems are NOT always correct - they 
can make errors, especially when data quality is poor. 

 

1.7  Building AI Awareness as a Maritime Competency 

Just as ECDIS training became mandatory when digital navigation systems were introduced, 
AI awareness is becoming a core competency. This means understanding AI capabilities and 
limitations, interpreting AI-generated recommendations, knowing when to trust and when to 
question AI outputs, and recognising risks associated with over-reliance on automation. 

 

1.8  The 'Black Box' Problem: Explainability in AI 
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Some advanced AI forms, particularly Deep Learning, can function as a 'Black Box' - 
processing vast datasets to identify complex patterns but not revealing how they arrived at a 
specific conclusion.  

For a Master or Chief Engineer bearing legal and safety responsibility, 'because the algorithm 
said so' is not a justifiable basis for action.  

To address this, the maritime industry is increasingly adopting Explainable AI (XAI), which 
makes the decision-making process transparent and interpretable. Instead of simply flashing a 
collision warning, an XAI system might display: 'Collision risk high because Target Vessel A 
increased speed and altered course by 5 degrees.' 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

When evaluating AI software vendors for your fleet, insist on Explainable AI as a procurement 
criterion. If the system cannot tell your Chief Engineer WHY it recommends stopping the main 
engine for inspection, it is not fit for autonomous deployment on cargo vessels - regardless of the 
vendor's marketing claims. 

 

Practical vendor assessment questions to ask: 

- Can the system explain its recommendations in plain language? 

- Is there a manual override with a logging function? 

- What happens when the system is uncertain? Does it say so? 

- Who is the data owner - the shipowner or the software vendor? 
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 Chapter 2 

 Maritime Data Ecosystems - From Ships to Shore 

2.1  Introduction: Data as the Backbone of Maritime AI 

Artificial Intelligence does not operate in isolation. Behind every AI system - whether it is 
predicting machinery failure, optimising a voyage, or supporting safety decisions - lies one 
critical element: data. In the maritime industry, data is generated continuously, silently, and 
often unnoticed by those onboard ships and in shore offices. Yet this data forms the backbone 
of modern digital shipping and AI-enabled decision-making. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

From a fleet superintendent's perspective, data quality is a direct reflection of shipboard 
operational discipline. Inconsistent noon reports, uncalibrated sensors, and skipped logbook 
entries are not just administrative shortfalls - they corrupt the AI models that guide your 
maintenance planning, CII ratings, and vetting preparation. 

 

Make data hygiene a standing agenda item in pre-sailing meetings and vessel inspections. Treat a 
miscalibrated fuel flow meter with the same urgency as a defective bilge alarm - both compromise 
your operational picture. 

 

2.2  What Is a Maritime Data Ecosystem? 

A maritime data ecosystem is the network of data sources, systems, people, and processes 
that generate, manage, and use data across maritime operations. It spans onboard vessels, 
ports, fleet management centres, classification societies, and regulatory bodies. Unlike 
traditional paperwork-based systems, modern maritime data ecosystems operate continuously 
and in near real-time. 

 

2.3  Onboard Data Sources: The Ship as a Data Generator 

2.3.1  Navigation and Bridge Systems 

Key navigation-related data sources include GPS/GNSS (position, speed, course), AIS (vessel 
identity, movement, traffic awareness), ECDIS (route plans, chart data, navigational alerts), 
Radar and ARPA (target tracking and collision avoidance), and gyro/magnetic compasses. 
These systems provide essential data for AI-based route optimisation, traffic analysis, and 
situational awareness tools. 
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2.3.2  Engine Room and Machinery Systems 

The engine room generates some of the most valuable data for AI applications: main engine 
parameters (pressure, temperature, RPM), auxiliary machinery data, fuel flow and consumption, 
lubrication and cooling systems, and vibration and condition monitoring sensors.  

Modern AI systems also rely heavily on Shaft Power Meters (Torque Meters) - by measuring 
the actual power delivered to the propeller and comparing it with fuel consumed, AI can 
precisely calculate hull fouling resistance, helping Masters decide when hull cleaning is 
needed to maintain their CII rating. 

 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

Hull fouling data from shaft power meters is commercially critical for cargo operators. On a large 
bulk carrier, a 5–8% increase in hull resistance due to fouling can cost USD 300–500 per day in 
additional fuel - and silently erode your CII rating month by month. 

 

Ensure your vessels' shaft power meters are Class-certified and routinely calibrated. Cross-check 
AI-generated hull performance reports against bunker logs and speed logs quarterly. 
Unexplained deviations are either sensor drift or hull fouling - both need action. 
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2.3.3  Cargo-Specific Data Sources 

For cargo vessels, additional data streams directly relevant to AI performance monitoring 
include: 

• Draft and trim sensors - for load optimization and stability calculations 

• Cargo hold temperature and atmosphere monitors - critical for grain, coal, and certain 
bulk commodities 

• Hatch cover integrity sensors - detecting water ingress risk for bulk carriers 

• Tank level and ullage systems - for tankers and chemical carriers 

• Container stack weight distribution data - increasingly integrated with port systems 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

Cargo data is an underutilised AI input on many managed vessels. Consider this: an AI system 
correlating trim, draft, and shaft power data can quantify exactly how much fuel is wasted per 
voyage due to suboptimal loading. On a Panamax bulk carrier making 40 laden voyages per year, 
even a 1% trim optimisation can yield significant fuel savings - fully auditable for CII and EU ETS 
reporting. 

 

2.4  Human-Generated Data: The Often Overlooked Component 

Not all maritime data comes from sensors. Human-generated data remains critical: noon 
reports, engine logbooks, maintenance records, safety and near-miss reports, and checklists 
and permits.  

AI systems often combine sensor data with human-entered data to provide meaningful 
insights.  

Errors, delays, or inconsistencies in manual reporting can significantly impact AI performance. 
Seafarers are not just users of AI systems - they are contributors to them. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

The quality of shipboard reporting is a direct competitive advantage in AI-enabled fleet 
management. Companies that invest in standardised noon report templates, electronic logbooks, 
and officer training on data entry discipline see measurably better AI performance outcomes. 

 

Practical step: During vessel inspections, review three months of noon reports for consistency. 
Look for: round-number fuel figures (indicating estimation rather than measurement), identical fuel 
consumption entries on consecutive days in different sea states, and blank entries in fields that AI 
systems rely upon such as ME load, slip percentage, and wind force. 
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2.5  Data Quality: Why Accuracy Matters More Than Volume 

Key dimensions of data quality include accuracy (is the data correct?), consistency (is it 
recorded the same way each time?), completeness (are there gaps or missing values?), and 
timeliness (is the data available when needed?).  

An AI system analysing fuel efficiency will produce misleading results if fuel flow meters are 
miscalibrated or noon reports are inconsistent. 

 

 

2.6  Connectivity Challenges at Sea 

Maritime operations face unique connectivity challenges: limited bandwidth at sea, high 
satellite communication costs, intermittent connectivity, and latency and data delays.  

As a result, many AI systems operate in a hybrid mode - some processing happens onboard, 
some analysis is done ashore when data is transmitted. 

2.6.1  The LEO Revolution: Starlink, OneWeb, and Real-Time AI 

The arrival of Low Earth Orbit (LEO) satellite constellations such as Starlink and OneWeb is a 
game-changer.  

These satellites orbit much closer to Earth (~550km vs 36,000km), enabling consumer-grade 
high-speed internet at sea.  
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For AI, this means real-time engine monitoring where shore teams can watch parameters live, 
remote diagnostics where a superintendent can troubleshoot alongside the crew via live 
video, and continuous data pipelines replacing end-of-day batch uploads. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

LEO connectivity changes the superintendent's role fundamentally. You no longer need to wait for 
the noon report or the end-of-passage report to know what is happening onboard. With real-time 
data, you can intervene earlier - but this also means your team must be structured to handle a 
continuous stream of alerts, not just daily summaries. 

 

Avoid the 'alert fatigue' trap: when superintendents receive hundreds of AI notifications per day 
across a fleet, genuine critical alerts get buried. Implement AI alert thresholds carefully, with clear 
escalation protocols distinguishing between: (1) Advisory - for crew awareness, (2) Action 
Required - for Master/CE response, and (3) Urgent - superintendent notification within 2 hours. 

 

2.7  From Ship to Shore: Data Transmission, Security, and Standards 

Fleet operations centres use ship data for performance monitoring, voyage optimisation, 
compliance tracking, and maintenance planning. A major challenge is system fragmentation - 
different equipment manufacturers use proprietary data formats.  

The industry is adopting ISO 19847 (how shipboard data servers share data) and ISO 19848 (a 
standard 'dictionary' ensuring consistent data labelling across vessel types). These standards 
prevent vendor lock-in where owners are forced to use one software brand because their data 
is trapped in a proprietary format. 

2.7.1  Regulatory Context: IMO 2021 and the SMS 

Since January 2021, under IMO Resolution MSC.428(98), cyber risks must be addressed within 
a ship's SMS under the ISM Code. A cyber incident affecting an ECDIS, ballast water 
management system, or main engine governor is now classified as a safety incident, 
comparable to a fire or grounding. 

2.7.2  The Risk of Data Poisoning in AI 

Instead of shutting down a system like a ransomware attack, an attacker might subtly alter the 
data being fed into an AI.  

If GPS data or engine temperature readings are spoofed or altered, the AI will continue to 
function but will learn from a false reality - potentially recommending a course change into 
danger or failing to predict a machinery breakdown because the input data looks 'normal.'  

The defence is cross-checking AI recommendations against independent, non-connected 
sources such as visual bearings, magnetic compass, and manual soundings. 
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2.8  The Role of Seafarers as Data Stewards 

Seafarers play a crucial role in maintaining data ecosystem integrity: ensuring sensors are maintained 
and calibrated, recording data accurately and consistently, reporting anomalies promptly, and 
understanding how their actions affect AI outputs. Data stewardship is becoming an extension of 
professional responsibility at sea. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

Introduce 'data stewardship' language into your vessel inspection protocols and officer appraisal 
criteria. A Chief Engineer who consistently delivers clean, calibrated sensor data should be 
recognised in the same way as one who achieves excellent machinery uptime - both contribute 
directly to fleet performance and commercial outcomes. 

 

When onboarding new vessels or new crews, include a dedicated 'AI and Data Systems 
Familiarisation' session in the pre-sailing checklist. Cover: what data systems are installed, what 
they report to the office, how errors are reported, and what the officer should do when AI alerts 
are triggered. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Chapter 3 

 AI in Navigation and Decision Support 
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3.1  Introduction: The Changing Nature of Bridge Decision-Making 

Navigation has always been at the heart of maritime professionalism. From traditional paper 
charts and celestial navigation to radar, ARPA, GPS, and ECDIS, every technological 
advancement on the bridge has aimed to improve situational awareness and decision-making.  

Artificial Intelligence represents the next stage in this evolution - not as a replacement for the 
Officer of the Watch (OOW) or the Master, but as a decision-support layer that enhances 
safety, efficiency, and consistency. 

 

 

þ  KEY POINT 

AI systems provide recommendations; responsibility always rests with the human watchkeeper. 
Under STCW and international maritime law, accountability for safe navigation cannot be 
delegated to machines. 

 

3.2  AI as Decision Support, Not Decision Authority 

AI tools are designed as Decision Support Systems (DSS), assisting bridge teams by 
highlighting risks, suggesting optimal actions, and reducing cognitive workload. They do not 
replace situational awareness, lookout duties, or command responsibility. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 
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When a vessel in your fleet uses AI-assisted route planning, the approved voyage plan in the SMS 
must still reflect the Master's own assessment and endorsement. Auditors and vetting inspectors 
will ask: 'Did the Master verify the AI-generated route against navigational hazards, COLREG 
considerations, and charter party requirements?' The AI-generated plan is a starting point - not 
the plan. 

 

Ensure your SMS voyage planning procedures explicitly address AI decision-support tools: who 
may use them, how recommendations are to be evaluated, and how overrides or deviations from 
AI suggestions are to be documented. 

 

3.3  Key AI Applications in Bridge Navigation 

3.3.1  AI-Assisted Route Planning and Optimisation 

AI systems analyse weather forecasts and historical patterns, ocean currents and sea state, 
traffic density and congestion zones, fuel efficiency and emissions targets, and charter party 
and ETA constraints. Unlike traditional weather routing, AI models continuously learn from past 
voyages, improving accuracy over time. Bridge teams must still evaluate navigational hazards, 
regulatory restrictions, and local knowledge and pilotage requirements. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

For bulk carriers and tankers on regular trading routes, AI voyage optimisation can deliver 
measurable, auditable fuel savings - typically 3–8% per voyage. Critically, these savings are now 
commercially and regulatorily relevant: they directly improve your vessel's CII rating and reduce 
EU ETS carbon costs. 

 

Build a simple post-voyage review process: compare the AI-recommended route with the actual 
track sailed, and document why any deviations occurred. This data improves the AI model over 
time and demonstrates to charterers and oil majors that your fleet uses AI systematically, not just 
as a marketing claim. 

 

3.3.2  Traffic Analysis and Collision Risk Assessment 

AI enhances traffic monitoring by analysing AIS and radar data together, identifying abnormal 
vessel behaviour, predicting Closest Point of Approach (CPA) trends, and highlighting 
developing collision risks earlier. These tools support compliance with COLREG Rule 5 
(Look-out) and Rule 7 (Risk of Collision), but they do not absolve officers from maintaining a 
proper visual and radar lookout.  

 

3.3.3  Computer Vision: The Optical Lookout 
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While Radar and AIS are powerful, they have blind spots - small wooden fishing boats, floating 
containers, and marine mammals often do not reflect radar pulses well and rarely transmit AIS.  

AI-driven Computer Vision systems use high-definition cameras and thermal imaging to 
classify objects, estimate distance, and augment reality (AR) by overlaying hazard information 
directly on the bridge window or screen. 

 

3.3.4  AI in the Last Mile: Pilotage and Docking 

Navigation risks are highest during port approach and berthing. Portable Pilot Units (PPUs) use 
AI software to predict the vessel's future position based on current speed, turn rate, and 
wind/current data.  

Laser Docking Systems use LIDAR sensors and AI to give the Master real-time distance and 
approach speed to the wharf, accurate to the centimetre. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

Terminal AI docking systems are increasingly specified in port information and terminal operating 
procedures. Ensure your Masters and pilots are briefed on any AI-assisted docking systems at 
terminals your vessels regularly call - and that these systems are referenced in your Port-Specific 
Risk Assessments within the SMS. 

 

For cargo vessels calling at multiple terminals across diverse port states, create a simple 'AI 
Navigation Tools Matrix' that lists each regular port of call, the AI/digital aids available, and any 
known limitations or reliability issues. This is a practical addition to the voyage file. 
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3.4  COLREG Awareness and AI Limitations 

COLREGs are based on principles that often require human interpretation, especially in 
complex traffic situations.  

AI systems typically encode COLREG logic into algorithms, but limitations remain: difficulty 
interpreting ambiguous situations, challenges with non-compliant vessels, and limited 
understanding of local practices.  

AI recommendations must always be cross-checked against visual observations, radar 
plotting, and professional judgement. 

 

⚠  CAUTION 

AI navigation systems are not trained on all flag state or regional interpretations of COLREGs. In 
waters where local customs differ from standard COLREG interpretation - Southeast Asian traffic 
lanes, congested river passages, port approach zones - never rely solely on AI collision 
avoidance recommendations without local knowledge verification. 

3.5  Situational Awareness, ECDIS Integration, BRM, and STCW 

AI systems help bridge teams by filtering relevant alerts, prioritising risks, reducing alarm 
fatigue, and presenting information visually and intuitively.  

The 'Silent Bridge' concept means AI filters non-critical notifications, only sounding an alarm 
when a genuine risk threshold is crossed.  
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AI-enhanced navigation systems increasingly integrate with ECDIS route monitoring, Radar 
and ARPA target tracking, and conning displays.  

Human Factors and Bridge Resource Management (BRM) must adapt: AI outputs should be 
treated as another input, not unquestionable authority. 

 

3.6  AI in Company Navigation Policies and Training 

Shipping companies increasingly include AI tools in their SMS. Effective implementation 
requires clear procedures on AI usage, defined limits of reliance, training on interpreting AI 
recommendations, and inclusion in bridge checklists and passage planning. AI awareness 
training should be integrated into bridge team familiarisation, simulator training, and incident 
and near-miss analysis. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

Your SMS's Passage Planning procedure is the natural home for AI navigation tool 
guidance. Consider adding a dedicated section titled 'AI Decision-Support Systems' 
covering: approved systems list, how AI route recommendations are to be evaluated and 
recorded, override procedures, and fault reporting. This protects the company in the 
event of an incident where AI was involved in a decision. 

 

A practical superintendent's checklist for bridge AI readiness during vessel inspections: 

- Are crew familiar with the AI navigation tools fitted? 

- Can the OOW demonstrate how to override an AI recommendation and record the 
reason? 

- Is there a procedure for reporting AI system malfunctions to the office? 

- Has the AI tool been referenced in the last passage plan approval? 

 

 

3.7  The Spectrum of Autonomy: IMO MASS Degrees 

The IMO defines four degrees of Maritime Autonomous Surface Ships (MASS):  

Degree 1 (ship with automated processes and decision support - crew on board, where most 
AI today falls),  

Degree 2 (remotely controlled with seafarers on board),  

Degree 3 (remotely controlled without seafarers), and  

Degree 4 (fully autonomous - the system makes all decisions).  
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For the foreseeable future, most cargo vessels will operate at Degree 1, where the crew's role 
shifts from 'operator' to 'system manager.' 

 

3.8  Risks of Over-Reliance on AI 

Accident investigations have shown that over-trust in automation can lead to reduced 
situational awareness, delayed intervention, and skill degradation. Training must emphasise 
critical thinking and cross-verification. 

 

⚠  CAUTION 

Automation complacency is one of the most significant identified risk factors in modern maritime 
accident investigation. When an AI system has been reliably correct for months, crew trust it 
implicitly - and may stop verifying its outputs. The result is that when the AI makes an error (due to 
sensor drift, data poisoning, or a scenario outside its training), the crew does not catch it in time. 

 

Counter-measure: Require periodic 'AI-off' drills where bridge teams practice without AI 
decision-support. Document these drills in the safety management log. 
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 Chapter 4 

 Predictive Maintenance and Smart Engine Rooms 

4.1  Introduction: From Reactive to Predictive Engineering 

The engine room has traditionally been the domain of hands-on engineering skill, 
experience-based judgement, and disciplined maintenance routines.  

For decades, marine engineers have relied on planned maintenance systems (PMS), 
manufacturer recommendations, and condition-based observations to ensure machinery 
reliability. AI-driven predictive maintenance represents a shift from reacting to failures or 
following fixed schedules to anticipating problems before they occur. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

From a superintendent's viewpoint, predictive maintenance changes the economics of fleet 
management in three ways: it reduces emergency dry-docking and off-hire events (which can 
cost USD 50,000–200,000 per day for a large cargo vessel), it enables evidence-based 
negotiation with Class surveyors for extended survey intervals, and it provides defensible 
documentation when P&I clubs or hull underwriters investigate machinery failures. 

 

The transition from reactive to predictive maintenance is not automatic - it requires clean 
historical PMS data, calibrated sensors, and a superintendent who actively reviews AI-generated 
trend reports rather than waiting for alarms. 

 

4.2  Predictive Maintenance Explained in Practical Terms 

Predictive maintenance uses AI and machine learning to assess the condition of machinery 
and predict when maintenance should be carried out. Unlike traditional PMS based on running 
hours or calendar intervals, predictive systems focus on actual equipment behaviour.  

AI systems monitor sensor data continuously, learn what normal operation looks like, detect 
deviations and abnormal trends, and provide early warnings of potential failures.  

Subtle changes in vibration patterns or exhaust temperatures may indicate bearing wear or 
fuel injection issues long before alarms are triggered. 

4.3  Key Machinery Systems Monitored by AI 

4.3.1  Main Engines 

AI-based systems monitor cylinder pressure and exhaust temperatures, fuel injection timing 
and performance, vibration and torsional stress, and lubrication oil condition. A critical 
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application is Cylinder Oil Lubrication Optimisation - AI-driven auto-tuners analyse engine 
load, fuel sulphur content, and cylinder wall temperature in real-time to inject the exact 
micro-amount of oil needed for each stroke.  

This prevents over-lubrication (waste) and under-lubrication (liner wear), saving tens of 
thousands of dollars per voyage. 

¹  SUPERINTENDENT'S PERSPECTIVE 

Main engine liner wear is one of the most expensive maintenance items on a cargo vessel. 
Cylinder oil consumption is directly linked to fuel sulphur content - with the global 0.5% sulphur 
cap and the IMO's move toward alternative fuels, AI lubrication optimisation becomes even more 
valuable. Verify with your Chief Engineer quarterly that the AI auto-tuner is correctly configured 
for the fuel grade currently in use - a common oversight that leads to over-lubrication and 
unnecessary cost. 

 

4.3.2  Auxiliary Machinery 

Auxiliary engines, compressors, pumps, and purifiers generate large volumes of operational 
data. AI tools analyse load patterns, start-stop behaviour, and temperature and pressure 
stability to support early fault detection and optimised maintenance intervals. 

 

4.3.3  Electrical and Automation Systems 

Modern ships rely heavily on electrical power and automation. AI supports generator load 
optimisation, power management stability, and detection of abnormal electrical behaviour. This 
is particularly important for vessels with hybrid or alternative fuel systems. 
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¹  SUPERINTENDENT'S PERSPECTIVE 

For cargo vessels with electric cargo handling equipment - container ships, car carriers, and 
multipurpose vessels - generator load pattern AI can identify inefficient power distribution that 
increases fuel consumption and accelerates generator wear. This is often overlooked in standard 
PMS but can yield measurable fuel savings per voyage. 

 

Vessels trading under the EU ETS regime should also track auxiliary engine fuel consumption with 
the same rigour as main engine data - auxiliary fuel burned in EU ports and during EU coastal 
passages contributes directly to the vessel's carbon cost. 

 

4.4  Smart Engine Rooms: Integration of Systems 

A smart engine room integrates data from multiple systems into a unified monitoring platform. 
AI acts as the analytical layer that correlates data across systems, identifies patterns invisible 
to isolated monitoring, and provides holistic health assessments. This reduces reliance on 
manual data interpretation and supports better decision-making. 

 

4.5  Human Expertise and AI: A Collaborative Model 

AI does not replace marine engineers. Instead, it enhances their effectiveness by reducing 
routine monitoring workload, highlighting priority issues, and supporting troubleshooting 
decisions. Engineers must still apply professional judgement, especially when deciding 
whether to act on AI-generated alerts. 

 

4.6  Case Example: Early Detection of Bearing Failure 

A vessel where AI analysis detects a gradual increase in vibration on a main engine bearing - 
no alarms triggered, routine inspections show no visible issues. Based on AI trends, the Chief 
Engineer schedules inspection at the next convenient port call, preventing a major failure. This 
demonstrates how AI supports proactive engineering decisions without compromising 
operational control. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

This is exactly the scenario that justifies the investment in predictive maintenance AI. The financial 
impact: an early inspection and bearing replacement during a planned port call might cost USD 
5,000–15,000 in labour and parts. An unplanned engine failure at sea, leading to emergency 
towage, off-hire time, and potential cargo claims, can easily reach USD 500,000–2,000,000. 
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Document AI-driven early interventions carefully in your PMS and vessel records. Over 12–24 
months, this data builds a compelling business case for AI investment - and demonstrates due 
diligence to P&I clubs, underwriters, and Class societies. 

 

4.7  Risks and Limitations: Sensor Drift 

Unlike a broken wire or power failure - which usually triggers an immediate 'Sensor Fail' alarm 
- sensor drift happens slowly over time.  

A pressure transmitter or temperature sensor may begin to read slightly higher or lower than 
the true value due to age, vibration, or fouling. If a sensor drifts gradually, the AI may 
experience 'False Security' (reporting a healthy temperature when the component is actually 
overheating) or 'Corrupted Learning' (learning inaccurate behaviour as the new normal, 
effectively blinding itself to future problems). 

 

 

⚠  CAUTION 

Sensor calibration is not optional in an AI-enabled engine room - it is a safety and commercial 
imperative. An AI system reading from a drifted sensor is worse than no AI system at all, because 
it provides false confidence. Establish a strict quarterly calibration schedule for all AI-critical 
sensors and cross-check against local gauges and handheld devices (pyrometers, pressure 
gauges). Make calibration records available to the superintendent for review during vessel 
inspections. 
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4.8  The Concept of the Digital Twin 

A Digital Twin is a dynamic virtual replica of a physical asset such as a main engine or the 
entire ship. Fed with real-time sensor data, it allows AI to run 'What-If' simulations - for 
example, 'What will happen to exhaust temperatures if we switch to LSFO at 50% load?'  

The Twin simulates the outcome, alerting engineers to potential thermal shock risks. 
Engineers can also test fixes on the Digital Twin first to see if they resolve the issue, 
preventing trial-and-error on actual machinery. 

 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

Digital Twins are beginning to appear in shipping as manufacturer-supported tools, particularly for 
main engines from major OEMs. When evaluating new vessel acquisitions or newbuilding 
specifications, ask whether the main engine OEM offers a Digital Twin service - and whether data 
ownership remains with the shipowner. This is increasingly a procurement negotiating point. 

 

For a superintendent managing a fleet of sister vessels with identical engine configurations, a 
Digital Twin developed for one vessel can accelerate troubleshooting on others - reducing the 
need for OEM technical attendance and associated costs. 

 

4.9  Augmented Reality and Remote Surveys 

AR smart glasses allow a junior engineer on board to stream video to a specialist 
manufacturer ashore, who can 'draw' guidance in the engineer's field of vision - guiding them 
through complex repairs as if standing right there.  

AI data is increasingly accepted by Classification Societies (DNV, LR, NK) for Remote Surveys - 
instead of physically opening a turbine for inspection, the Chief Engineer can share the AI 
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health trend report proving that vibration and temperature have remained within safe limits for 
the last 5,000 hours. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

Remote Survey acceptance by Class is a significant cost and time saving for cargo vessel 
operators. A traditional in-water survey or machinery survey requiring physical attendance may 
cost USD 15,000–40,000 in surveyor travel and ship time. A remote survey supported by AI data 
can reduce this to a fraction of the cost. 

 

Proactively discuss remote survey options with your Class society at the annual survey planning 
meeting. Confirm which AI monitoring platforms your Class accepts as evidence, and what data 
retention periods and calibration documentation are required. This requires preparation 12–18 
months in advance, not weeks before the survey due date. 
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 Chapter 5 

 AI for Safety Management and Risk Prevention 

5.1  Introduction: From Reactive Safety to Proactive Risk Management 

Safety has always been the highest priority in maritime operations. The industry's traditional 
safety framework - rooted in the SMS, checklists, drills, audits, and incident investigations - has 
significantly reduced accidents over time. However, many safety processes remain reactive, 
responding after an incident or near-miss has already occurred. Artificial Intelligence 
introduces the ability to move toward proactive and predictive safety management. 

 

5.2  The Role of AI in Modern Safety Management Systems 

The ISM Code requires companies to establish safeguards against all identified risks and to 
continuously improve safety management skills. AI enhances SMS by identifying trends across 
fleets, highlighting recurring risk patterns, and supporting evidence-based decision-making. 
Unlike manual reviews, AI systems can process thousands of reports, logs, and sensor 
readings simultaneously, allowing safety teams to focus on prevention rather than paperwork. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

AI fleet-wide safety analytics are one of the most powerful tools available to the Designated 
Person Ashore (DPA). Instead of reviewing 10 vessels' safety reports individually each month, an 
AI tool can synthesise patterns across the entire fleet - flagging that, for example, mooring injuries 
cluster at a specific rank, time of day, and wind condition. This moves the DPA from report reader 
to strategic safety manager. 

 

When evaluating AI safety platforms, prioritise those that can ingest your existing safety 
observation and near-miss data without requiring a new reporting format onboard. The biggest 
risk in AI safety implementation is crew reporting fatigue - a new, complex digital form will reduce 
reporting, not improve it. 

 

5.3  Key Data Sources for AI-Based Safety Analysis 

AI-driven safety tools draw from operational and technical data (engine alarms, machinery 
logs, navigation deviations), human and procedural data (near-miss reports, permit-to-work 
records, drill performance, fatigue and work-rest records), and environmental and external 
data (weather conditions, traffic density, port and terminal incident data). The combination of 
these data sources allows AI to identify hidden relationships between technical, human, and 
environmental factors. 
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Critically, AI analyses wave radar and swell data to predict Parametric Rolling - a phenomenon 
where container ships roll violently in head seas, losing cargo. AI can predict the onset of 
resonance minutes before it happens, giving the Master time to alter course. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

For cargo superintendents managing container vessels or bulk carriers in North Atlantic or North 
Pacific trades, parametric roll prediction AI is commercially valuable beyond safety. Cargo losses 
from parametric rolling generate significant P&I claims and damage commercial relationships. 
Verify that your AI weather routing tool includes a parametric roll prediction module and that 
Masters are trained to act on its alerts, not just acknowledge them. 

 

5.4  Near-Miss Reporting: Turning Data into Prevention 

Near-miss reporting is one of the most powerful but underutilised tools in maritime safety. AI 
enhances near-miss systems by identifying recurring scenarios, detecting underreported risk 
areas, and highlighting behavioural and procedural trends. Most value in a near-miss report is 
hidden in the 'Description of Incident' text box. Humans cannot read 10,000 reports across a 
fleet to find a pattern. AI using Natural Language Processing (NLP) can read every report 
instantly and find hidden keywords - such as 'ladder slipped' or 'rusty step' - that tick-boxes 
miss. 
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5.5  AI in Incident Investigation and Learning 

Traditional incident investigations rely heavily on human interpretation and limited datasets. AI 
supports investigation teams by analysing historical incident databases, identifying 
contributing factors across cases, and highlighting systemic weaknesses. AI strengthens the 
learning process, helping organisations move beyond isolated root causes to system-wide 
improvements. 

 

5.6  Predictive Risk Assessment and Early Warning Systems 

AI enables predictive safety by monitoring deviations from normal operations, identifying 
combinations of risk factors, and providing early warnings before thresholds are crossed. 
Examples include increased grounding risk due to fatigue combined with traffic density, and 
elevated machinery failure risk linked to operational stress. 

5.6.1  Dynamic Risk Assessment (DRA): The Living Permit 

Traditional risk assessments are static - a snapshot of risks at the start of the day. Dynamic 
Risk Assessment (DRA) uses AI to update risk levels in real-time. Example: A crew is painting 
on deck with the risk assessment signed at 08:00 in calm weather. By 10:00, the anemometer 
detects gusts exceeding 20 knots. The DRA software immediately alerts the Bosun's tablet: 
'Risk Level Elevated: Wind Limit Exceeded. Suspend Work.' This transforms the Risk 
Assessment from a paper exercise into a live safety guardrail. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

Dynamic Risk Assessment tools are directly relevant to the most common fatal accident scenarios 
in cargo shipping: mooring operations, enclosed space entry, working at height, and alongside 
loading/discharge operations. When evaluating DRA software for your fleet, verify that it 
integrates with your actual SMS permit-to-work system and that the environmental triggers (wind 
speed, sea state, visibility) are calibrated to your specific vessel type and trading pattern. 

 

A practical superintendent's test for DRA implementation: ask the crew to demonstrate what 
happens when a pre-set environmental threshold is reached during an active permit. If they 
cannot demonstrate the automatic alert and suspension process, the system is installed but not 
embedded in operational practice. 

 

5.7  Human Factors, Behaviour, and AI 

5.7.1  The AI Eye on Deck: Computer Vision for Safety 

Smart CCTV AI monitors deck safety 24/7, never getting tired or distracted. Applications include PPE 
Compliance (instantly flagging crew working without helmet, safety shoes, or boiler suit), Snap-Back 
Zone Monitoring (detecting if a seafarer steps into a dangerous mooring line zone during tensioning 
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and sounding a local alarm), and Man Overboard Detection (visually identifying a person falling over 
the side and automatically marking the GPS position, saving critical seconds in the rescue). 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

Man overboard detection AI is one of the most compelling safety investments for cargo vessel 
operators. The IMO has identified Man Overboard as a leading cause of seafarer fatalities 
globally. Traditional MOB alerts depend on someone witnessing the fall - AI computer vision 
systems detect and timestamp the event within seconds, dramatically improving rescue 
probability. 

 

When specifying or reviewing CCTV systems during vessel inspections or newbuilding 
supervision, assess whether the system is AI-capable or AI-ready. The hardware investment for 
AI-enabled cameras is modest; the safety benefit is potentially life-saving. 

 

5.8  Integrating AI into Company Safety Culture 

5.8.1  AI as a System Auditor, Not a Crew Monitor 

In a 'Just Culture,' there is a clear distinction between honest human error (which should be learned 
from) and reckless negligence (which is not tolerated). AI should be positioned as a tool to identify 
systemic weaknesses that cause honest errors, rather than a tool to punish individuals. Wrong 
approach: using CCTV AI to email a reprimand to a seafarer for not holding a handrail on a calm day - 
this creates fear and resentment. Just Culture approach: AI data reveals that 80% of crew do not hold 
the handrail on a specific staircase. The company realises the handrail is positioned awkwardly or is 
slippery and modifies the staircase design. The AI identified a hazard, not a 'bad' crew member. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

As the shore-side authority responsible for SMS implementation, the DPA and Technical 
Superintendent play a critical role in establishing the 'Just Culture' framing of AI safety tools. 
Before deploying any AI safety monitoring system, brief Masters, Chief Officers, and Chief 
Engineers on: how data will be used, what data will NOT be shared with commercial departments, 
and how AI findings will drive system improvements rather than individual reprimands. 

 

Consider a formal 'AI Safety Policy Statement' as a supplement to your SMS Safety Policy that 
explicitly commits the company to using AI safety data for system improvement and crew welfare 
- not for surveillance or performance management of individual seafarers. 
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 Chapter 6 

 AI in Compliance, Audits & Inspections 

6.1  Introduction: From Reactive Compliance to Predictive Readiness 

Compliance in shipping has traditionally been reactive. Ships prepare intensely before a Port 
State Control (PSC) inspection, vetting visit, or Class survey - often relying on last-minute 
checks, manual document reviews, and the experience of senior officers. AI introduces a shift 
from inspection-driven compliance to continuous compliance readiness. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

Compliance management is where AI delivers perhaps its most immediate and tangible return on 
investment for fleet operators. The financial and reputational cost of a PSC detention - average 
USD 30,000–80,000 in direct costs, plus vessel off-hire, cargo claims, charterer penalties, and 
vetting impacts - dwarfs the cost of an AI compliance monitoring platform. 

 

From a superintendent's perspective, the shift from reactive to continuous compliance is primarily 
a cultural and process change, not a technology change. AI tools only improve compliance 
readiness if the data they receive is accurate, complete, and timely. This returns to the 
foundational principle of Chapter 2: crew data discipline is the enabler of AI compliance value. 

 

6.2  Understanding the Maritime Compliance Ecosystem 

Key inspection and audit types: Port State Control (flag-neutral inspections targeting safety, 
pollution prevention, and living/working conditions), Flag State Inspections (verification of 
compliance with national and international requirements), Class Surveys (hull, machinery, and 
statutory surveys), Vetting Inspections (oil major, chemical major, or charterer inspections via 
SIRE 2.0, CDI, RightShip), and ISM/ISPS/MLC Audits (system-based audits assessing 
management systems). AI's strength lies in handling this regulatory complexity consistently 
across time, vessels, and fleets. 

6.2.1  AI for Environmental Compliance: CII and EU ETS 

CII Prediction: The Carbon Intensity Indicator rates ships from A (Best) to E (Worst). A single 
high-speed voyage can drop a ship's rating. AI algorithms analyse hull fouling, weather, and 
speed to predict the ship's year-end CII rating today, advising the Master to adjust speed now 
to protect the rating.  

EU ETS Management: AI tools track emissions in real-time to calculate the exact financial 
liability of a voyage, allowing owners to invoice charterers accurately and avoid costly 'carbon 
debt.' 
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¹  SUPERINTENDENT'S PERSPECTIVE 

CII management is now a core superintendent responsibility, not just a compliance checkbox. A 
vessel rated D or E faces a mandatory improvement plan, which triggers costly commercial 
consequences - charterers increasingly refuse to fix vessels rated below C, and some oil majors 
will not approve D/E rated vessels for their cargoes. 

 

Practical AI-enabled CII management workflow for superintendents: 

1. Monthly: Review AI CII prediction for each vessel against year-end target. 

2. Quarterly: Adjust speed instructions and hull cleaning schedules based on AI hull performance 
data. 

3. Before each voyage: Confirm with Master that the AI voyage plan is optimised for both 
commercial requirements and CII impact. 

4. Annually: Use AI trend data to build the mandatory CII Corrective Action Plan for vessels rated 
D or E. 
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6.3  AI-Powered Document Intelligence for Compliance 

6.3.1  Automated Document Verification 

AI systems can scan and validate statutory certificates (expiry dates, endorsements, conditions 
of class), manuals (SMS, SOPEP, BWMP, Cyber Security plans), logbooks (Oil Record Book, 
Garbage Record Book, Ballast Water logs), and training and drill records.  

AI highlights missing or outdated documents, inconsistencies between procedures and 
records, and entries that deviate from expected patterns. 

6.3.2  The Foundation: Electronic Logbooks 

AI integrated into e-Logs acts as a 'compliance spellchecker': preventing officers from logging 
a bilge discharge while the GPS shows the ship is inside a Special Area, and ensuring Oil 
Record Book entries match Deck Log positions - eliminating discrepancies that often lead to 
criminal prosecution and heavy fines. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

Electronic logbook implementation is one of the highest-ROI digital investments for cargo fleet 
operators. The risk reduction is direct and quantifiable: ORB discrepancies are one of the top 
causes of flag state detentions and MARPOL prosecutions, which can result in criminal charges 
against the Master, fines of USD 100,000+, and reputational damage that affects vessel 
employment. 

 

When specifying e-log systems, ensure the AI compliance checking module covers: ORB Part I 
(machinery space operations), ORB Part II (cargo/ballast - for tankers), Garbage Record Book, 
Ballast Water Record Book, and the Ozone Depleting Substances Record Book. All are subject to 
PSC scrutiny. 

 

6.4  AI in Port State Control (PSC) Readiness 

6.4.1  Deficiency Pattern Analysis 

By analysing global PSC databases and fleet history, AI can identify recurring deficiency 
categories (fire safety, LSA, charts, ISM), highlight high-risk ports and regions, and predict 
inspection focus areas for a specific vessel. This allows Masters and Chief Engineers to 
conduct targeted readiness checks rather than generic inspections. 

6.4.2  Pre-Arrival Compliance Health Scoring 

AI-driven dashboards can generate a compliance score before port entry based on equipment 
status, outstanding defects, crew certification validity, and recent drills and maintenance 
records. Such tools support informed decision-making without undermining the Master's 
authority. 
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¹  SUPERINTENDENT'S PERSPECTIVE 

PSC targeting algorithms (used by Paris MoU, Tokyo MoU, USCG) are themselves increasingly 
AI-driven - they prioritise vessels for inspection based on flag, age, type, previous deficiency 
history, and performance indicators. Understanding how your vessels appear to PSC targeting AI 
is as important as managing actual deficiencies. 

 

Practical actions for superintendents: Monitor your vessels' PSC history in the Equasis and THETIS 
databases monthly. Use AI compliance dashboards to identify vessels with rising deficiency 
patterns before the next port arrival. Brief Masters before arrival at high-scrutiny port states 
(USCG, Paris MoU focus areas) on current PSC focus areas - PSC authorities publish annual 
reports that AI tools can synthesise into vessel-specific preparation briefs. 

 

6.5  AI in Vetting Inspections (SIRE 2.0, CDI, RightShip) 

SIRE 2.0 is particularly critical - it requires operators to upload a vast Pre-Inspection 
Questionnaire (PIQ) before the inspector arrives. AI tools can auto-populate these forms by 
pulling data directly from the PMS and crewing software, reducing administrative burden on 
the Master and ensuring the inspector sees the same data the company sees. AI can also 
analyse thousands of historical vetting observations to identify weak areas in procedures or 
crew understanding and help officers practice explaining risk assessments. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

SIRE 2.0 marks a fundamental change in tanker vetting philosophy - from a checklist compliance 
exercise to a behavioural and operational consistency assessment. AI tools that help crews 
articulate the 'why' behind their procedures - not just confirm they exist - are more valuable for 
SIRE 2.0 preparation than those that simply chase document completeness. 

 

For bulk carriers and dry cargo vessels, RightShip inspection readiness is increasingly important 
for accessing certain trades and charterer pools. RightShip's GHG rating and RISQ score are both 
influenced by data that AI can monitor continuously - vessel age, PSC history, incident records, 
and management company performance metrics. 

 

6.6  Class Surveys, ISM/MLC Audits, and Implementation 

AI helps organise and present maintenance history, test records, and defect rectification 
evidence for survey-critical items. For ISM, ISPS, and MLC audits, AI supports compliance by 
analysing near-miss and non-conformity trends, identifying procedural overload or duplication, 
and highlighting gaps between risk assessments and controls. For MLC compliance, AI can 
monitor work/rest hour violations, fatigue risk patterns, and crew welfare indicators. Successful 
adoption requires clear ownership (DPA, HSEQ, Master), gradual integration into existing 
workflows, and training focused on interpretation, not blind reliance. 
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¹  SUPERINTENDENT'S PERSPECTIVE 

AI transforms compliance from a periodic burden into a living system that learns, adapts, and 
improves continuously. For fleet superintendents and DPAs, the most important implementation 
step is establishing who owns the AI compliance data and who acts on its findings. 

 

Recommended governance structure: 

- Technical Superintendent: owns AI maintenance and survey readiness data 

- DPA: owns AI safety and near-miss trend data 

- HSEQ Manager: owns AI audit preparation and deficiency pattern data 

- Master/CE: own real-time onboard AI alerts and responses 

 

Without clear ownership, AI insights accumulate in dashboards and no one acts on them - the 
most expensive possible outcome of an AI investment. 
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 Chapter 7 

 AI in Crew Management, Fatigue & Human Factors 

7.1  Introduction: The Human Element as the Primary Risk Factor 

Despite advances in ship design, automation, and regulations, the majority of maritime 
accidents continue to have a strong human element component.  

Fatigue, miscommunication, complacency, skill fade, cultural barriers, and poor 
decision-making under pressure remain persistent challenges at sea. AI offers maritime 
organisations a structured way to understand, manage, and mitigate human-factor risks 
without undermining seamanship, leadership, or professional judgment. 

 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

Crew management is the superintendent's most complex responsibility - and the one where AI 
adds the greatest nuance. Unlike machinery systems where AI outputs are relatively objective, 
crew-related AI tools generate data about human beings - their health, performance, behaviour, 
and wellbeing. The ethical and legal implications demand careful policy development before 
deployment. 

 

A fundamental principle before any crew-related AI is deployed: consult your P&I Club, legal 
advisers, and (where applicable) crew unions or representatives. Crew privacy rights vary 
significantly by flag state, nationality, and employment contract - what is legally permissible in one 
jurisdiction may expose the company to liability in another. 
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7.2  Understanding Fatigue and AI-Driven Work/Rest Analysis 

Fatigue at sea is complex, influenced by watchkeeping patterns, port frequency and 
turnaround pressure, paperwork and compliance workload, environmental factors (noise, 
vibration, weather), and psychological stress and isolation.  

Traditional fatigue management relies on hours-of-rest compliance - necessary but insufficient. 
AI introduces a holistic approach by analysing actual work/rest patterns over time, repeated 
schedule disruptions, and cumulative fatigue risk.  

By combining voyage schedules, port rotations, and manning data, AI can forecast periods of 
elevated fatigue risk and support watch rotation adjustments, task rescheduling, and 
temporary workload redistribution. 

 

7.3  AI in Crew Scheduling and Manning Optimisation 

AI-assisted crew management tools support optimal watch schedules based on vessel type 
and trade, balanced workload distribution across departments, and identification of 
underutilised or overstretched roles.  

Churn Prediction algorithms can flag high-performing officers who are at risk of resigning by 
analysing contract length preferences, time spent at home, and satisfaction indicators - 
allowing HR to step in with personalised retention measures. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

Officer retention is a strategic priority for cargo fleet operators - the cost of recruiting, training, 
and certifying a new Chief Engineer or Master can exceed USD 50,000 when all factors are 
included. AI-driven churn prediction is therefore not just an HR convenience; it is a fleet continuity 
and safety investment. 

 

On the operational side, AI scheduling tools can identify when a vessel's port rotation will create 
compliance pressure on hours-of-rest - for example, three consecutive ports with less than 16 
hours between arrivals. Flag these voyages to the Master in advance so that watchkeeping 
arrangements can be adjusted proactively rather than reactively. 

 

7.4  Human Factors, Behavioural Safety, and AI 

7.4.1  Detecting Behavioural Risk Patterns 

AI can analyse near-miss reports, safety observations, and incident investigations to identify 
recurring behavioural themes such as procedural drift, shortcut-taking, or communication 
breakdowns. This approach avoids blame while addressing systemic contributors to unsafe 
behaviour. 
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7.4.2  Breaking the Language Barrier: AI Translation 

On multinational ships, miscommunication is a leading cause of accidents. AI-powered Natural 
Language Processing (NLP) tools enable real-time translation of complex instructions, and can 
scan SMS procedures and rewrite them in 'Simplified Maritime English' to ensure 
comprehension by all nationalities. 
 

¹  SUPERINTENDENT'S PERSPECTIVE 

Language barrier incidents are disproportionately common on cargo vessels with highly 
multinational crews - a feature of cost-competitive shipping rather than a safety choice. AI 
translation tools are becoming a practical safety intervention, not a luxury. 

 

A superintendent's practical consideration: AI translation tools are most valuable for pre-task 
briefings, safety alerts, and emergency instructions - not for navigation watch communications, 
which must comply with SMCP (Standard Marine Communication Phrases) as per STCW 
regardless of AI availability. Ensure your SMS clarifies this distinction. 

 

7.5  Mental Health, Wellbeing, and Ethical Boundaries 

AI may support crew wellbeing by identifying indirect indicators of stress or isolation such as 
reduced engagement in safety reporting, changes in work patterns, and increased procedural 
errors. Strict ethical boundaries apply: no invasive monitoring, no psychological profiling, no 
disciplinary automation. AI insights must always be handled sensitively and confidentially, with 
welfare - not surveillance - as the objective. 

7.5.1  Wearables and Biometrics: The Privacy vs. Safety Debate 

Smartwatches and smart rings can track sleep quality, heart rate variability, and physical 
exhaustion. The concern is privacy: 'Will the company fire me if my heart rate is high?' 
Successful programmes use 'Data Firewalls' - the specific health data stays on the seafarer's 
phone; the company only sees an anonymised 'Fleet Fatigue Score' or a simple 
Red/Amber/Green fitness-for-duty status. 
 

¹  SUPERINTENDENT'S PERSPECTIVE 

Wearable fatigue monitoring programmes require written consent from crew members, 
transparent data governance policies, and clearly defined data access rights. Before rolling out 
any biometric monitoring programme, obtain written legal advice specific to your flag state 
requirements and the nationalities of your crew pool. 

 

A practical middle ground many operators are adopting: voluntary wearables for interested crew 
members, combined with AI-driven hours-of-rest analysis for all crew. The hours-of-rest data is 
already available and legally required to be recorded - AI analysis of this existing dataset provides 
fatigue insights without the privacy complications of biometric monitoring. 
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7.6  Alignment with STCW, MLC, and Company SMS 

AI-driven crew management tools reinforce STCW compliance (competency maintenance and 
watchkeeping fitness), MLC compliance (hours of rest, welfare, and living conditions), and SMS 
requirements (risk assessment, reporting, and continuous improvement).  

AI strengthens documentation and evidence without creating additional administrative burden 
onboard. 

7.6.1  The 'Fitness for Duty' Legal Trap: Wearables vs. the Master's Authority 

No algorithm or sleep score has the legal authority to declare a seafarer 'unfit for duty.' Under 
STCW Code Section A-VIII/2, that determination rests solely with the Master.  

AI fatigue scores are advisory only and do not replace the 'Fitness for Duty' assessment 
required by the STCW Convention. Company policies must explicitly state this. 

 

þ  KEY POINT 

A 'Green' recovery score on a wearable does not absolve the Master of responsibility if that crew 
member subsequently falls asleep on watch and causes a grounding. The Master must still verify 
alertness through traditional supervision. 
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 Chapter 8 

 AI in Training, Simulation & Competency Assessment 

8.1  Introduction: From Seat-Time Training to Competency-Driven Learning 

Maritime training has traditionally relied on seat-time, checklist completion, and periodic 
assessments to demonstrate compliance with STCW requirements. AI introduces a shift from 
time-based training to evidence-based competency development.  

By analysing performance data, behavioural indicators, and operational outcomes, AI enables 
more realistic, targeted, and continuous learning for seafarers across ranks and vessel types. 

 

8.2  Limitations of Traditional Maritime Training Models 

Despite significant investments in training infrastructure, structural limitations persist: training 
often occurs away from the operational context, assessments focus on knowledge recall 
rather than decision-making, skill decay between certification cycles is rarely measured, and 
one-size-fits-all courses ignore individual learning gaps.  

As ships become more automated and operations more complex, AI helps close these gaps 
by connecting training directly to operational performance. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

For the superintendent, training effectiveness is directly linked to safety outcomes and 
commercial performance. A Chief Officer who understands AI navigation systems will make better 
decisions; an engineer familiar with predictive maintenance AI will catch problems earlier. The ROI 
on targeted, AI-personalised training is measurable - track your fleet's near-miss frequency, PSC 
deficiency rate, and machinery failure incidents before and after targeted training interventions. 

 

When reviewing annual training plans, look for AI literacy as a specific training need. Current 
STCW does not yet mandate AI training, but the 2025 Manila Amendments process and several 
flag states are already moving toward incorporating digital and AI competencies into STCW 
tables. Getting ahead of this requirement is a competitive advantage in crew quality and 
regulatory readiness. 

 

8.3  AI-Enhanced Maritime Simulation 

8.3.1  Intelligent Scenario Generation 

AI-powered simulators can dynamically generate scenarios based on vessel type and trading 
pattern, historical incidents and near-misses, and environmental and traffic conditions.  
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Unlike static simulator exercises, AI-driven simulations adapt in real time to trainee actions, 
increasing realism and decision-making pressure. 

8.3.2  Adaptive Difficulty and Feedback 

AI monitors trainee performance during simulations and adjusts scenario complexity, time 
pressure, and information availability.  

Post-exercise feedback includes decision timelines, rule interpretation consistency, and crew 
coordination effectiveness. 

 

8.3.3  Virtual Reality and Immersive Learning 

AI-driven VR scenarios allow crew to practice high-risk procedures in a safe, immersive 
environment: Enclosed Space Entry (trainees walk through a virtual ballast tank and rescue a 
casualty - missing a step like forgetting to calibrate the gas meter fails the simulation), and 
High Voltage Safety (engineers practice racking out 6.6kV breakers with hand movement and 
PPE tracking building muscle memory). 

8.3.4  Cloud-Based Simulation: Training Without Borders 

Cloud-Based Simulation streams simulator software to a seafarer's laptop or the ship's 
recreational computer via a web browser, making training accessible anywhere. AI acts as the 
remote instructor, automatically grading exercises.  

A Master scheduled to dock at a challenging port can practice that specific approach on the 
ship's computer the day before arrival, receiving instant AI feedback on wind and current 
handling. 
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¹  SUPERINTENDENT'S PERSPECTIVE 

VR training for cargo-specific operations is a rapidly growing area. Applications directly relevant 
to cargo vessel operations include: 

- Bulk cargo hold entry and atmosphere testing procedures 

- Enclosed space rescue with full donning of BA sets and use of lifelines 

- Mooring operations under simulated emergency conditions (parted line, snap-back) 

- Cargo hold fire response (for bulk carriers carrying coal or other self-heating cargoes) 

 

When specifying VR training requirements for your managed vessels or approved training 
centres, request scenario libraries that include cargo-type-specific emergency scenarios, not just 
generic firefighting or medical drills. 

 

8.4  AI in Competency-Based Assessment 

8.4.1  Eye-Tracking Technology 

AI sensors inside the simulator monitor exactly where the trainee is looking. This can reveal 
'instrument fixation' - where an officer stares at the ECDIS screen but fails to look out the 
window.  

The instructor can show the trainee a 'heat map' of their visual scanning after the exercise, 
proving objectively whether they maintained a proper lookout. 

8.4.2  Continuous Competency Monitoring 

AI allows competency to be monitored over time through simulator data, operational reports, 
and incident and near-miss trends. This supports early identification of skill fade and targeted 
refresher training. 

 

8.5  Personalised Learning Pathways for Seafarers 

AI-driven training platforms can identify individual learning gaps, recommend role-specific 
microlearning modules, and adapt content based on experience level and vessel type.  

Spaced Repetition algorithms combat the Forgetting Curve - if a seafarer answers a COLREGs 
question correctly, the AI waits a week before asking again; if wrong, it asks again the next 
day.  

Combined with Gamification (points, leaderboards), this keeps training engaging and ensures 
long-term retention, not just exam memorisation. 
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¹  SUPERINTENDENT'S PERSPECTIVE 

Microlearning is particularly effective for cargo vessel crews who have limited leisure time in 
port-intensive trades. 10-minute AI-personalised learning modules delivered via mobile app 
during port turnarounds or during sea passages can achieve competency maintenance objectives 
that a traditional 5-day shore-based course would require - at a fraction of the cost and without 
taking crew away from the vessel. 

 

Track your fleet's microlearning completion rates alongside safety performance indicators. 
Companies that have deployed targeted microlearning report measurable improvements in 
near-miss reporting rates, drill performance scores, and PSC examination readiness. 

 

8.6  Alignment with STCW and Company Training Systems 

8.6.1  Simulators as Sea-Time Substitutes and Revalidation Tools 

Regulators and Flag States are progressively recognising that structured, AI-monitored 
simulator training can provide more concentrated learning than weeks of routine 
watchkeeping.  

Approved simulator courses can now remit a portion of required sea time for cadet training 
and specific certifications (e.g., Dynamic Positioning or High Voltage systems).  

For senior officers who have spent time ashore in fleet management or superintendent roles, 
AI-enhanced simulator assessments offer a pathway to revalidate their Certificates of 
Competency without returning to sea for months. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

Superintendent-to-ship revalidation pathways are a practical benefit of AI-enhanced simulation 
that is directly relevant to many shore-based maritime professionals. If your company promotes 
technically excellent superintendents from seafaring backgrounds - as many do - AI simulator 
assessment allows them to maintain their CoC currency, preserving their option to return to sea if 
needed and maintaining their credibility with ship crews during vessel inspections. 

 

This is also relevant for new vessel type familiarisation. A superintendent transitioning from bulk 
carrier management to LNG or chemical tanker oversight can use AI-driven simulator assessment 
to build and document type-specific competency, supporting their professional development and 
the company's flag state and operator approval requirements. 
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 Chapter 9 

 Cybersecurity, Data Ethics & Trust in AI at Sea 

9.1  Introduction: Trust as the Foundation of Digital Shipping 

As ships become increasingly connected and AI-driven tools are integrated into navigation, 
machinery, compliance, training, and crew management, trust becomes the critical enabler. 
Cybersecurity incidents, data misuse, and opaque algorithms can undermine safety, regulatory 
confidence, and crew morale.  

Maritime professionals must adopt AI responsibly by strengthening cybersecurity, ensuring 
ethical data use, and maintaining human accountability at sea. 

 

9.2  The Maritime Cyber Threat Landscape 

Ships operate in a uniquely exposed cyber environment: legacy OT systems mixed with 
modern IT networks, intermittent connectivity and remote updates, multiple vendors and 
interfaces onboard, and crew turnover with varied digital literacy.  

Common risks include malware via removable media, compromised ECDIS/PMS/monitoring 
systems, unauthorised remote access, and data interception during satellite communications. 
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9.2.1  The Shore-Side Achilles Heel: Ransomware 

Ransomware is the #1 threat to shore-based fleet management. Hackers breach the shipping 
company's shore network (often via a phishing email) and deploy malware that encrypts every 
file, database, and backup.  

The vessel itself may be unaffected, but a 'Digital Blockade' is created: procurement paralysis 
(the ship cannot order spare parts), cargo blindness (the commercial team loses access to Bills 
of Lading), and crew payment failure (payroll systems are frozen). 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

Ransomware attacks against shipping companies have affected some of the world's largest 
operators. The pattern is consistent: attackers enter through a shore-based email phishing link, 
spread laterally through the corporate network, and encrypt critical operational databases before 
demanding ransom. 

 

Superintendent-specific cyber resilience actions: 

- Maintain offline, encrypted backups of vessel-critical documents (SMS manuals, certificates, 
crew records) that are not connected to the main corporate network 

- Ensure each managed vessel has printed copies of all statutory certificates and a paper-based 
emergency SMS fallback procedure - in the event of a shore-side ransomware attack, the vessel 
must be able to operate independently for at least 72 hours without shore IT support 

- Test this capability annually: can the vessel Master independently obtain a Port Clearance, file a 
Notice of Arrival, and respond to a PSC inspector using only onboard paper resources and 
satellite communication? 

 

9.3  AI-Specific Cyber Risks at Sea 

AI introduces new risk dimensions: Data Poisoning (manipulation of training or input data 
leading to incorrect AI outputs), Model Tampering (unauthorised modification of AI logic), 
Overreliance Risk (blind trust in AI recommendations without verification), and Supply-Chain 
Vulnerabilities (third-party AI tools with opaque security practices).  

Corrupted sensor data feeding a predictive maintenance system may cause missed failures - 
or unnecessary shutdowns. 

9.3.1  Adversarial AI: Tricking the Machine 

Research shows that subtle changes to an object - like placing a specially patterned sticker on 
a buoy - can trick a Computer Vision system into misidentifying it or making it 'invisible.'  

A ship with an autonomous lookout system could be tricked into a collision course by a 
malicious actor using these 'optical illusions,' without a single line of code being hacked. 
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⚠  CAUTION 

AI-specific cyber threats such as data poisoning and adversarial AI are not currently addressed in 
most shipping company cyber risk assessments - these documents typically focus on traditional IT 
threats (ransomware, phishing, malware) and do not consider the specific attack vectors of AI 
systems deployed onboard. 

 

Ensure your Cyber Risk Assessment (required under IMO MSC.428(98) and incorporated into your 
SMS) is reviewed annually to include AI-specific threats as AI tools are deployed on managed 
vessels. This is becoming a PSC and vetting inspection question. 

 

9.3.2  AI as the Shield: Detecting GNSS Spoofing 

AI algorithms analyse the 'signal fingerprint' (strength, timing, and noise) of GPS signals.  

If the signal profile changes in a way that is mathematically impossible for a satellite, the AI 
flags a 'Spoofing Attack' instantly, advising the OOW to switch to Dead Reckoning mode or 
use Radar Parallel Indexing, preventing a potential grounding. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

GNSS spoofing is an operational reality in certain trade routes - particularly areas with geopolitical 
instability. As a superintendent managing vessels trading to affected regions (Black Sea, Eastern 
Mediterranean, Persian Gulf, Baltic), ensure your vessels' passage planning procedures include 
GNSS reliability awareness, backup positioning procedures, and reporting protocols for 
suspected spoofing incidents. 

 

Some Class societies are beginning to offer GNSS spoofing detection as part of their AI condition 
monitoring packages. Check whether your Classification Society has published guidance on 
approved spoofing detection methods for inclusion in your SMS. 

 

9.4  Data Ethics in Maritime AI 

Ethical data use principles: Purpose Limitation (use data only for safety and operational 
improvement), Data Minimisation (collect only what is necessary), Transparency in how data is 
used and analysed, and Protection of personal and sensitive information.  

For crew-related data, ethical boundaries must be especially strict to maintain trust and 
morale. 

9.4.1  Data Sovereignty 

When a ship's engine generates performance data, does that data belong to the Shipowner or the 
Manufacturer?  

Many manufacturers try to 'lock' data, charging owners to access their own machinery logs.  
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Best practice: owners should enforce 'Data Ownership Clauses' in procurement contracts, ensuring 
they retain full rights to feed their data into their chosen AI platforms. 

 
 

¹  SUPERINTENDENT'S PERSPECTIVE 

Data sovereignty is a procurement and legal matter that superintendents must address 
proactively. When contracting for new AI services or purchasing AI-equipped machinery, include 
the following in your standard contract terms: 

- Explicit statement that all operational data generated by the vessel's systems belongs to the 
shipowner 

- Vendor's obligation to provide data in standard, non-proprietary formats (referencing ISO 
19847/19848 where applicable) 

- Right to terminate data access by the vendor with 30 days notice 

- Prohibition on the vendor selling or sharing vessel operational data with third parties without 
owner consent 

 

These clauses are increasingly industry standard - vendors who resist them deserve scrutiny. 
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9.5  Crew Privacy, Consent, and Fair Use 

Best practices for crew data: clear communication on what data is collected, anonymisation 
where possible, separation of safety analytics from disciplinary processes, and involvement of 
Masters, DPAs, and HR in governance.  

AI should never become a hidden monitoring tool - it must be openly governed and 
responsibly applied. 

9.5.1  The Data Firewall: Separating Health from Profit 

A strict separation must exist between Crew Health Data (biometrics, sleep scores, stress 
levels) and Commercial Performance Data (speed, fuel consumption, ETA).  

Health data should be stored on a secure, medical-grade server accessible only to the Master 
and designated Company Doctor or DPA - never the Commercial Operations department. 

 

9.6  Explainability, Organisational Trust, and Practical Guidance 

Trust in AI depends on explainability - maritime AI systems should provide understandable 
reasoning for recommendations, allow officers to challenge or override outputs, and record 
decisions and justifications for audit purposes.  

Trust is built gradually through pilot implementations, clear success criteria, feedback from 
shipboard users, and continuous improvement. Masters and Chief Engineers should ensure AI 
systems are covered by cyber risk assessments, verify outputs before acting on 
recommendations, and report anomalies or suspected cyber issues. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

Building organisational trust in AI is an active management task - it does not happen by deploying 
technology alone. As a superintendent, you are the critical link between AI system vendors, the 
office, and the ship. Your endorsement or scepticism of an AI tool will directly shape how the 
Master and Chief Engineer engage with it. 

 

Practical trust-building approach for AI deployment on managed vessels: 

1. Pilot on one vessel with your most technically confident crew - demonstrate visible value before 
fleet-wide rollout 

2. Document the first AI-driven early intervention (e.g., a machinery alert acted upon proactively) 
and share it fleet-wide as a concrete example 

3. Acknowledge AI limitations transparently - if the system generates a false alarm, use it as a 
training opportunity, not a reason for distrust 

4. Maintain a 'feedback log' where crews can report AI outputs they questioned or overrode - 
review this monthly to identify systematic issues 

© 2026 Maritime AI Professional Development  |  Page 53 



AI for Maritime Professionals - 1st Edition 

 Chapter 10 

 The Future Seafarer: Skills, Roles & Career Pathways   

10.1  Introduction: Change Has Always Been Part of Seafaring 

From sextants to GPS, from paper charts to ECDIS, from manual engine logs to integrated 
automation systems - seafarers have always adapted to technological change.  

AI is not the first disruption the maritime profession has faced, and it will not be the last. What 
makes AI different is not that it replaces seamanship, engineering judgment, or leadership - 
but that it reshapes how these skills are applied, demonstrated, and valued.  

The future seafarer will not be less important; they will be required to be more informed, more 
analytical, and more accountable. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

The future of the ship superintendent role is being shaped by AI just as much as the future of 
seafarers. The digital superintendent of the near future will manage a larger fleet with greater 
technical depth - enabled by real-time AI monitoring, remote diagnostics, and predictive analytics 
- while spending less time on routine data collection and more time on strategic decisions. 

 

Skills that will distinguish excellent superintendents in an AI-enabled industry: 

- Ability to interpret AI analytics critically, not just accept dashboard outputs 

- Systems thinking - understanding how AI tools interact with each other and with human 
behaviour 

- Data governance expertise - knowing what data your vessels generate, who owns it, and how to 
use it for commercial and compliance advantage 

- Change management - leading crew and office teams through digital transformation without 
eroding trust or safety culture 

 

10.2  Dispelling the Myth: AI Will Not Replace Seafarers 

Maritime operations are conducted in uncertain, dynamic environments, governed by 
international law and human accountability, and dependent on leadership, judgment, and 
ethical decision-making.  

AI cannot assume legal responsibility, command authority, or moral accountability. Masters and 
Chief Engineers will remain legally and professionally responsible for decisions, regardless of 
AI assistance. AI therefore acts as a capability multiplier, not a replacement. 
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10.3  The Shift in Core Maritime Skills 

10.3.1  From Manual Execution to System Oversight 

Future seafarers will spend less time on routine execution and more time on monitoring 
system performance, validating AI recommendations, and managing exceptions and abnormal 
situations. This demands stronger situational awareness and analytical thinking. 

10.3.2  Critical Thinking and Decision Accountability 

AI outputs must be questioned, interpreted, and contextualised. Officers must be able to 
understand assumptions behind recommendations, identify when AI may be wrong or 
incomplete, and justify decisions to auditors, investigators, and regulators. 

10.3.3  The Human Edge: Why EQ Matters More Than IQ 

As AI automates technical calculations, the unique value of the human seafarer shifts to 
Emotional Intelligence (EQ) and Soft Skills. AI can predict a fire, but it cannot calm a panicked 
crew or negotiate with a hostile port authority.  

On multinational ships, understanding cultural nuance prevents conflict - something an 
algorithm cannot model. Future promotions will depend less on technical calculation ability 
and more on managing a team under high stress. 

 

10.4  Emerging Roles and Hybrid Competencies 

AI will introduce hybrid skill expectations: the AI-aware Master (uses decision-support tools 
while maintaining COLREG, SMS, and command authority), the data-literate Chief Engineer 
(interprets predictive maintenance outputs and validates machinery risk), and the 
AI-competent Safety Officer (uses data trends to strengthen risk assessments and safety 
culture). Ashore roles will increasingly seek seafarers who understand both operations and 
data-driven systems. 
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10.5  Impact on Career Pathways Ashore 

AI accelerates the transition of experienced seafarers into shore-based roles such as Fleet 
Performance Analyst, Digital Superintendent, HSEQ Data Specialist, and Maritime AI Product 
Advisor.  

Seafarers with AI literacy will be uniquely positioned to bridge the gap between technology 
providers and operational reality. 

10.5.1  The Rise of the Shore-Based Captain: Remote Control Centre Operator 

The era of semi-autonomous shipping (MASS Degree 2 & 3) creates a new operational role: 
the Remote Control Centre (RCC) Operator. A senior Master Mariner or Chief Engineer works 
from a high-tech shore office, monitoring a 'flotilla' of 5–10 vessels simultaneously.  

This role requires 'Multi-Vessel Situational Awareness' - rapidly switching focus between 
multiple vessels, prioritising intervention only where the AI signals a 'Low Confidence' 
situation. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

The RCC Operator role is a natural evolution of the ship superintendent function for highly 
automated vessels. The fundamental skills are the same - technical authority, rapid risk 
assessment, command communication - but the context shifts from port visits and vessel 
inspections to continuous remote monitoring and intervention. 

 

For companies exploring MASS operations or remote monitoring services, experienced cargo 
vessel superintendents are the ideal RCC operator candidates - they bring the operational 
credibility, regulatory knowledge, and incident response experience that pure IT or automation 
backgrounds lack. 

 

10.6  Training, Certification, and Continuous Learning 

Future competence will be demonstrated through continuous learning rather than periodic 
certification alone, evidence-based competency tracking, and role-specific upskilling aligned 
with operational risk.  

AI literacy will become a baseline professional skill, similar to ECDIS or PMS familiarity today. 
The industry is moving toward Blockchain-verified Digital Credentials - Micro-Credentials 
where a seafarer earns a specific badge for 'Ammonia Fuel Bunkering' or 'High-Voltage 
Switchboard Maintenance' immediately after completing a VR module, with portability allowing 
instant proof of skill set to any employer. 
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10.7  Leadership, Professional Identity, and Preparing Today's Seafarers 

Leadership remains a distinctly human responsibility. Masters and senior officers must set 
boundaries on AI use, reinforce accountability and ethical conduct, and maintain crew 
confidence and trust.  

Seamanship is not defined by tools - it is defined by judgment, responsibility, and care for life 
at sea. AI does not dilute seamanship; it raises expectations.  

Practical steps for individuals: developing basic AI and data literacy, staying curious about 
digital tools onboard, engaging actively in training and feedback, and viewing AI as a learning 
partner, not a threat. 

 

¹  SUPERINTENDENT'S PERSPECTIVE 

The most important message for cargo vessel superintendents navigating the AI transition is this: 
your core value - the ability to make sound judgements about complex maritime operations, to 
hold others accountable, and to maintain the trust of the crew, the company, and the regulator 
simultaneously - is not threatened by AI. It is amplified by it. 

 

The superintendent who can read an AI predictive maintenance dashboard, explain its 
implications to a Chief Engineer, present the findings to a Class surveyor, and justify the technical 
decision to a P&I Club - all while maintaining the confidence of the Master and the respect of the 
crew - is more valuable than ever. AI gives you better tools. The judgement remains irreplacably 
yours. 

 

The future of shipping is not autonomous without people - it is intelligent because of them. 

 

 

 

 

 

 

 

 

 

© 2026 Maritime AI Professional Development  |  Page 57 



AI for Maritime Professionals - 1st Edition 

Additional Resource for Seafarers: 
 
eBooks : learn.marineinsight.com 

 
 
Courses: academy.marineinsight.com 

 

 
 
 
 

AI Assistant: marinegpt.marineinsight.com 
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