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ARTIFICIAL INTELLIGENCE AND AUTONOMOUS

VESSELS : NAVIGATING
INTELLECTUAL PROPERTY
CHALLENGES IN THE
MARITIME SECTOR

Surabhi Khandelwal , GD Goenka University

ABSTRACT

The integration of Al in the maritime sector involves a transformational shift toward
autonomous vessels, digitized operations, and ultra-efficient navigation systems. With
shipping companies, technology developers, and maritime regulators all investing in
next-generation autonomy, the role of intellectual property has become central in
determining innovation incentives, competitive advantage, and technological
governance. This research paper looks at the evolving intersection between Al-driven
maritime technologies and intellectual property rights within the global maritime
sector. The study will critically analyze whether the traditional IP framework—patent
law, copyright protection, trade secret regimes, and data ownership structures—
adequately respond to the complexities introduced by autonomous ship systems, self-
learning navigation algorithms, sensor data ecosystems, and machine-generated
outputs. By reviewing global scholarship, international regulations, industry reports,
and technological trends, this research identifies gaps in legal understanding and
assesses challenges regarding ownership, liability, originality, inventorship, and
enforcement. The findings suggest that existing IP laws are ill-equipped to tackle Al

originality, allocation of rights with regard to machine-generated innovations,
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protection of continuously evolving algorithms, cross-border enforcement issues on
the high seas, and piracy targeting digital systems. This paper puts forward a
harmonized international regulatory approach, supported by maritime-specific policy
reforms, to strengthen IP governance in an increasingly digitized maritime

environment.

INTRODUCTION

Artificial intelligence has emerged as one of the most transformative technologies of
the 21st century, reshaping transportation, manufacturing, finance, defence, and
global commerce. In the maritime sector, Al has triggered paradigm shifts by enabling
autonomous vessels, predictive maintenance mechanisms, intelligent navigation
systems, automated cargo handling, and real-time decision-making tools. As the
shipping industry carries over 80% of global trade, the introduction of autonomous
vessels is poised to change the operational, economic, and regulatory foundations of
maritime transport. Al systems onboard ships integrate various technologies such as
machine learning, sensor fusion, radar-based perception, satellite communication,
dynamic positioning systems, and digital twins. These systems help ships interpret
their environment, make navigational decisions, detect and avoid collisions, optimise
fuel consumption, and ensure efficient maritime logistics. The driving force behind
these innovations lies in the realm of intellectual property: algorithms, software,
hardware designs, datasets, engineering models, and predictive tools are the backbone
of technological leadership in the maritime sector.

Notwithstanding the rapid growth of technologies, the unique challenges in the use of
data, software ownership, inventorship of algorithms, piracy risks, and cross-
jurisdictional enforcement continue to beset the maritime industry. The traditional
legal frameworks of patents and copyright were fitted for human inventors and static
technological products, not for autonomous or self-improving Al systems. Maritime

autonomy raises questions over who owns the algorithms generated by Al systems,
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who may claim rights over sensor data created on international waters, and how Al-
generated charts or strategies should be protected. Since the world's ocean
environment operates outside the national jurisdictions under UNCLOS?!, the
establishment of clear intellectual property rules becomes even more complex. In
turn, a lack of clarity in regulations deters innovators from investing in Al
technologies applicable to the maritime industry. Understanding and addressing
intellectual property challenges is therefore crucial for the safe, innovative, and
economically feasible evolution of Al-driven shipping.

LITERATURE REVIEW

Most academic works on artificial intelligence and maritime autonomy have focused
on safety and liability, operational efficiency, cybersecurity, and regulatory
compliance. Other scholars, such as Veal, Papadakis, and Ringbom, have written
extensively on issues related to maritime governance and autonomy, with particular
emphasis on navigational safety and international legal frameworks.? However, the
literature on intellectual property in autonomous maritime systems is relatively scant.
Technological research covers the use of Al to enable route optimization, remote
operation centers, autonomous navigation decisions, and computer vision for marine
perception. Reports by the IMO, EMSAZ3, and various classification societies*, such as
Lloyd’s Register and DNV, reveal recent growth within the MASS industry and an
increasing reliance on Al-powered decision-making.

The wider literature in the area of intellectual property and Al, in particular, deals
with the issues of patentability of Al-generated inventions, ownership of algorithmic
outputs, and copyright issues in machine-created works. Among others, scholars such

as Abbott, Gervais, and Samuelson have debated® the issue of whether Al can be

1 United Nations Convention on the Law of the Sea, Dec. 10, 1982, 1833 U.N.T.S. 3.

2 Ringbom, Henrik, Autonomous Ships and the International Regulatory Framework, 56 WMU J.
Mar. Aff. 17 (2019).

3 European Maritime Safety Agency (EMSA), Study on the Impact of Autonomous Ships (2018).
# International Maritime Organization (IMO), “Regulatory Scoping Exercise for Maritime
Autonomous Surface Ships (MASS)” (2021).

European Maritime Safety Agency (EMSA), “Study on the Impact of Autonomous Ships” (2018).
% Samuelson, Pamela, “Allocating Ownership Rights in Computer-Generated Works Under U.S.
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considered an inventor and whether copyright should extend to works created by a
computer acting autonomously. Technology law literature further discusses trade
secret protection of algorithms and the challenges of data ownership in the Al
ecosystem. As operations become increasingly digital, industry reports by Maersk,
Wartsild, Kongsberg, Rolls-Royce Marine, and IBM discuss Al-driven vessel
autonomy but rarely analyze IP-specific risks. International case studies in Norway
(Yara Birkeland), the UK (Mayflower Autonomous Ship), and Japan (Smart Shipping
initiative)® demonstrate rapid advances in maritime automation but give little insight
on how IP rights arise.

Thus, while the body of scholarship already speaks to each of these independently-
maritime autonomy and intellectual property-little research connects both areas.
Holistic academic analysis of the challenges to intellectual property emanating from

Al-driven autonomous vessels is therefore at a nascent stage globally.

RESEARCH GAP STATEMENT

Extensive literature is indeed available on different aspects of maritime autonomy,
artificial intelligence, and general intellectual property law. However, there seems to
be quite a significant gap in the literature with respect to the application of traditional
IP frameworks to Al-driven autonomous vessels’. Most of the available literature is
concerned with questions of safety, navigation, liability, or operational capacity, while
very few works discuss ownership of machine-generated outputs, patentability of
adaptive algorithms, protection of real-time vessel data, and cross-border enforcement
of digital IP on the high seas. There is also scant research examining how issues at the
intersection of maritime piracy/cyber threats and intellectual property theft in
autonomous vessels arise. Finally, current research does not offer an integrated
doctrinally rich analysis that brings together IP law, IPR policy, and maritime

regulation in relation to evolving Al technology. This paper attempts to cover these

Copyright Law,” 47 Berkeley Tech. L.J. 1001 (2020).
& Ministry of Land, Infrastructure, Transport and Tourism, Japan, “Smart Shipping Initiative” (2017).
7 WIPO Conversation on Intellectual Property and Artificial Intelligence (2021)
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lacunae by providing a much-needed comprehensive assessment of the emerging
intellectual property challenges in the Al-powered maritime sector.

RESEARCH OBJECTIVES

The main purpose of this research is to conduct a detailed and critical study of the
intellectual property challenges that are emerging from increasing integration of Al
and autonomous vessel technologies within the maritime industry. As the Al-driven
systems replace or supplement human functions in navigation, decision-making, cargo
handling, and risk management, there is a need to review whether existing intellectual
property frameworks were considered sufficient, where do they fail, and how they
should evolve. The objective includes not only scrutinizing the fit of current legal
doctrines with fast-evolving technologies but also locating gaps and ambiguities in
doctrines that may have an impact on innovation, safety, or regulatory compliance.

A subsidiary objective of this study is to examine the complex guestions of ownership
and of authorship insofar as it relates to Al systems generating navigational data,
operational decisions, or technical outputs that may prima facie qualify for either
copyright or patent protection. Who owns rights: the programmer, the vessel owner,
the operator, or the Al system itself becomes central to understanding the future
trajectory of maritime intellectual property law. This research also intends to explore
the patentability of components of autonomous vessels and Al-based maritime
systems, particularly in the case where inventions arise from machine learning
processes not fully attributable to human ingenuity. This includes examining
challenges such as algorithmic opacity, the replicability of Al-generated outputs, and
evolving global standards for inventive step and patent eligibility?®.

Another important objective is to evaluate the sufficiency of data governance and
protection regimes applicable to sensor-driven maritime technologies. Autonomous
vessels rely heavily on real-time data collected through radar, LIDAR, GPS,
environmental sensors, and internal diagnostic systems. These data streams give rise

to significant intellectual property concerns related to exclusivity, database rights,

8 European Patent Convention art. 52(1), Oct. 5, 1973, 1065 U.N.T.S. 199.
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ownership of machine-generated data, and the risk of unauthorized extraction or
misuse. The research will also analyze the implications of cross-border IP
enforcement, given that maritime operations occur very often in international waters,
where jurisdictional overlaps, flag state responsibilities, and international conventions
further complicate IP protection.

In addition, the study will investigate how cybersecurity vulnerabilities, maritime
piracy, and digital interference with intellectual property rights interlink®. Given that
software, algorithms, and data networks are the basis of autonomous vessels, the
threat landscape expands from physical piracy to digital piracy, including hacking,
data manipulation, and software theft. Understanding these risks is crucial for
implementing robust IP protection strategies and ensuring technological resilience in
maritime operations.

Ultimately, the research will synthesize these insights into holistic legal,
technological, and policy-oriented recommendations in support of global maritime
governance. These recommendations are expected to support a coherent framework
capable of fostering innovation in autonomous shipping while ensuring the protection
of intellectual property rights and guaranteeing operational safety and international
harmonization.

RESEARCH QUESTIONS

1. To what extent do existing intellectual property laws address the technologies used
in Al-driven autonomous vessels?

2. Who owns the rights to the data, algorithms, and machine-generated outputs in
maritime autonomy systems?

3. What are the IP risks of cross-border operations of autonomous ships on the high
seas?

4. How do cybersecurity threats and digital piracy impact the protection of intellectual
property in maritime Al?

5. What legal reforms or policy frameworks are needed to enhance the state of IP

9 EMSA Cybersecurity Guidelines for Maritime (2020)
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governance concerning Al in the maritime sector?

RESEARCH METHOD

The qualitative, doctrinal, and analytical research methodology will be adopted for
this study in order to analyze the various intellectual property challenges arising from
the integration of artificial intelligence into autonomous maritime vessels. For the
most part, this study will rely on secondary data, with a focus on the interpretation of
statutory frameworks, regulatory instruments, judicial decisions, and scholarly
discourse ° that shape the evolving relationship between maritime law and
technological innovation in terms of intellectual property rights. Doctrinal analysis
allows the research to explore existing legal provisions in a coherent manner and
indicate areas where traditional IP frameworks are ill-equipped to deal with the newer
aspects of autonomous and data-centric technologies. International maritime
conventions, such as those from the International Maritime Organization! (IMO),
standards and technical guidance from the European Maritime Safety Agency
(EMSA), and reports from leading classification societies like DNV, Lloyd's Register,
and ABS, form the basis of a systematic review to shape governance for the emerging
maritime technologies.

Besides maritime legislation, this research undertakes an in-depth exploration of
intellectual property statutes and principles, such as copyright, patent, trade secrets,
and data rights. These legal materials are brought into dialogue with the latest
literature on technology topics, including machine learning, neural networks,
maritime automation, and autonomous navigation systems. Drawing together these
interdisciplinary resources, the study highlights tensions between the conventional
categories of IP and new attributes of maritime Al, like autonomous decision-making,
continuously updating machine learning models, and the collaborative data
environments that underpin vessel operations. Academic journals, white papers,

policy briefs, and technology assessments form important reference points for

10 European Commission, Data Governance Act (2022)
11 World Intellectual Property Organization (WIPO), “WIPO Conversation on Intellectual Property
and Artificial Intelligence” (2021)
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understanding how Al is being framed within and beyond maritime contexts, thereby
enabling this research to draw connections between conceptions of autonomy in
maritime operations and parallel developments in aviation, robotics, and automated
vehicles.

The methodology follows the comparative legal analysis necessary for situating India
within the larger global regulatory landscape. The work surveys the relevant
legislative approaches and policy developments in leading maritime jurisdictions like
the European Union, the United States, Japan, Norway, and Singapore-all of them at
the front line in Al-enabled maritime innovation. These countries have been chosen
based on their advanced regulatory frameworks, strong and growing maritime
industries, and active engagement with autonomous vessel trials and digital
infrastructure for maritime use. Comparisons are drawn with a view to highlighting
best practices, identification of gaps in India's regulatory preparedness, and
understanding how international models address the issues of authorship,
inventorship, liability, data governance, and algorithmic accountability in autonomous
maritime systems. This would make the research stronger by proving that the
intellectual property challenges posed by Al are not isolated but shared globally,
requiring harmonized solutions.

Empirical fieldwork, surveys, or interviews are beyond the scope of this research,
largely because the subject matter of autonomous shipping and Al governance is still
at a nascent stage in the Indian maritime ecosystem. The present study adopts a
doctrinal approach with an interpretative and conceptual tone, drawing on
authoritative materials and scholarly interpretation to trace the evolution of relevant
doctrines and underscore issues left open or ambiguous. Doctrinal research is
especially apt for assessing the sufficiency of extant legal frameworks, as it offers a
systematized way of interpreting statutes and precedents while highlighting
conceptual tensions between conventional legal definitions and technologically
disruptive practices.

The research also integrates elements of theoretical analysis in providing a well-

rounded and future-oriented perspective, drawing from literature respectively relating
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to technology law, innovation theory, and maritime risk governance. Such an
approach allows the study to move beyond merely descriptive content to a critical
assessment of the suitability of current IP regimes in dealing with challenges thrown
up by Al-driven maritime systems!2. Accordingly, the methodological approach will
be both descriptive and analytical, melding legal interpretation with technological
understanding in developing a comprehensive, cohesive narrative. In this way, it aims
at offering a more thorough review of the intellectual property issues involved in
autonomous maritime technology and contributing thoughtfully to ongoing debates

relating to regulation, innovation, and maritime digitalization.

AI-DRIVEN MARITIME INNOVATION AND THE EVOLVING

LANDSCAPE OF INTELLECTUAL PROPERTY CHALLENGES

Al as the New Engine of Maritime Technological Transformation The integration of
Al into ships, cargo systems, navigation tools, safety mechanisms, and logistics
networks is driving a fundamental structural change in the maritime sector.
Autonomous vessels are the most visible manifestation of this revolution, but Al runs
much deeper: from predictive maintenance technologies pre-empting mechanical
failure, through to advanced ECDIS and the processing of real-time oceanographic
data for weather-driven route optimization. As the basis of maritime operation shifts
from manual decision-making to machine-directed intelligence, Al stops being merely
a supplementary tool and becomes an infrastructural capability. This development
unleashes intellectual property implications hitherto unimagined because Al systems
powering ships are not static inventions like physical machinery; they are dynamic,
adaptive systems capable of generating outputs, insights, and sometimes novel
operational strategies that continue to challenge those long-standing conceptions of
authorship, ownership, and liability. This transformation in the maritime sector did

not happen overnight. Shipping has historically been reliant on manual navigation and

12 Hall & Helmers, The Role of Patent Pools in Facilitating Innovation, Intellectual Property
and Clean Energy (NREL 2011).
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mechanical engineering. But with the expansion of international trade and larger
vessels, the need for more precision, cost-efficiency, and safety optimization
increased. This created fertile ground for Al solutions. Modern shipping companies
use machine-learning models examining years of voyage data, port congestion trends,
cargo patterns, and meteorological forecasts to optimize routes for reduced fuel
consumption and, in turn, lower emissions. Meanwhile, autonomous vessels-from
remotely controlled ferries to fully unmanned cargo ships-are under testing and are
finding their place in commercial service®3. In such core maritime processes, IP rights
become highly important, as the kind of companies pioneering these Al-enabled
systems needs to ensure protection against unauthorized replication or misuse of their
algorithms, data sets, and decision-making models!*. The most complicated issue is
that Al systems do not simply operate equipment-they sometimes "learn" and
"improve" based on real-time data collected from the vessel. This adaptive capability
raises fundamental questions such as: Can machine-generated navigation insights be
copyrighted? If an Al system improves its collision avoidance algorithm with new
environmental patterns, who owns the improved model-the shipowner, the Al
developer, the data supplier, or the Al system itself? The cross-border nature of the
maritime environment ratchets up the difficulty because ships transit across multiple

jurisdictions with different IP laws and their respective enforcement mechanisms*®
Ownership And Protection Of Al Systems Used In Autonomous Vessels

Intellectual property rights in maritime Al systems lie, among other things, in
algorithms, datasets, software architecture, hardware integration designs, and real-
time data analytics. However, unlike traditional vessel components, the nature of
these Al systems also blurs the lines substantially between what constitutes invention,
tool, and technology in evolution. This presents major challenges to patent law,

copyright law, and trade secret frameworks that have traditionally been developed in

13 UK Mayflower Autonomous Ship Case Study
14 European Patent Office, Guidelines for Examination of Al Inventions (2022).
15 Restatement (Third) of Foreign Relations Law 8402 (Am. Law Inst. 1987).
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regards to fixed, human-made inventions.

For example, patents require disclosures sufficient to enable one skilled in the art to
make and use the invention. Yet, not all Al models, particularly deep learning
systems, are explainable. Their "black-box™ nature renders it difficult or impossible to
describe their logic pathways in a patent application. Many ship-navigation Al models
comprise millions of parameters tuned during training on very large datasets, which
precludes full disclosure in many cases as a practical or even strategic matter. Firms
are concerned that patent disclosures could reveal important proprietary information
to competitors. For these reasons, many developers of maritime Al favor trade secret
protection, which keeps algorithms and training data confidential. However, trade
secrets confer weaker protection where the product is reverse-engineered or
independently developed, both of which scenarios are realistic possibilities in the

maritime context given the intensity of international competition.

Another dilemma is that of copyright protection. While software code generally is
copyrightable, Al-created outputs, such as optimized voyage plans or autonomously
created risk-assessment patterns, do not fit comfortably into current copyright
schemes. Copyright law generally demands human authorship, which machine-
created content undermines. This makes it uncertain whether the extensive data output
from autonomous vessels create protectable works or remain unprotected

informational materials, free to be commercially exploited by any unauthorized user.

Another major concern involves fragmentation of ownership. A single autonomous
vessel may rely on dozens of Al components developed by different entities:
navigation modules created by one company, environmental sensors from another,
predictive maintenance software from a third, and cybersecurity systems from yet
another. The result is complex, layered IP ownership structures in which it may be
difficult to tell which entity owns which portion of the integrated Al system. In cross-
border operations, questions arise about which jurisdiction governs these ownership

rights and how disputes should be resolved. For example, an Al component developed
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in Japan, updated with European waters' navigational data, and installed on a
Liberian-flagged ship operated by a Singaporean company presents a convoluted
multi-jurisdictional 1P scenario. When ships move across international waters, IP
rights become even harder to enforce, particularly when infringement occurs beyond

national territorial boundaries.
Data, Privacy, And Control In Ai-Integrated Maritime Operations

Acrtificially intelligent maritime systems are being developed around vast volumes of
data: hydrographic data, port-operation logs, cargo manifests, engine performance
statistics, weather streams, and real-time sensor inputs from radar, sonar, lidar, and
automatic identification system transponders. Data serves as the indispensable fuel to
drive Al accuracy and autonomy. Yet, this dependency opens critical questions
regarding ownership, access, and regulation of maritime data, not least because these

datasets are often co-created by multiple stakeholders.

But one such problem is that the vessels continuously collect environmental data
while navigating through international waters. Does the data belong to the shipowner,
the Al developer, the flag state, or possibly to the coastal state where data was
collected? International maritime law under UNCLOS does not explicitly tackle data
ownership regarding Al navigation systems. The ambiguity creates the risk of "data
appropriation” in which foreign actors harvest data on oceanographic or port
operations with poor restrictions, thereby giving competitive advantages in Al model

development.

A second concern relates to privacy. Modern vessels track crew behavior, onboard
activities, and biometric data used for safety authentication. Such monitoring
enhances security but raises a number of privacy challenges. Many maritime workers
originate from developing countries with weaker data-protection regimes, and they
may not be aware that their personal information feeds into Al systems. The result is

that maritime companies operating across jurisdictions must reconcile GDPR-level
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requirements, domestic privacy laws of crew members' home countries®®, and

regulations of flag states.

Apart from the question of privacy, there are data-sharing requirements in the
maritime sector that further complicate the situation. For instance, each port may
require a vessel to send over cargo information, a navigation plan, and a mechanical
status prior to entry. Such requirements often tend to force the ships to share
operational and commercial data, which may be considered trade secrets.
Incorporating Al systems into this already fragile ecosystem exposes sensitive
datasets to unauthorized transfer, interception, or replication. Cybersecurity threats
increase this vulnerability. For instance, when an Al-powered navigation system is
compromised, the hackers may get access not only to real-time vessel information but
also to proprietary algorithms and historical datasets that are critical for model
accuracy. Protection of this data becomes an important part of intellectual property

management.

Finally, there are IP claims pertaining to the training data itself. Many Maritime Al
models rely on aggregated datasets contributed by different carriers, ports, insurance
firms, and weather agencies. When a model becomes commercially successful, the
contributors may start asking for recognition and/or compensation. In the absence of
clear contractual frameworks defining ownership and usage rights over shared data,
disputes become inevitable. This forms the need for standardized data governance

frameworks in the maritime sector, which is so far underdeveloped.
Patentability, Liability, And Enforcement Of Al-Based Maritime Innovations

The pace of evolution in Al-driven maritime technologies complicates patent
protection. Existing patent processes, which often take several years before approval,
hardly keep pace with innovation that constantly updates within a few months.

Secondly, there is also controversy over patenting inventions created by Al systems.

16 Regulation (EU) 2016/679 (General Data Protection Regulation)
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For instance, if an Al system independently creates an optimized hull structure or
improves propulsion algorithms, existing patent laws demand a human inventor. This
limitation will prevent companies from securing patent protection for Al-generated

innovations and may also dampen investment in autonomous maritime technologies.

Liability issues add another layer of complexity to patent enforcement. Imagine that
an autonomous vessel has a collision because its Al navigation module has some sort
of defect. Whether liability lies with the shipowner, the Al developer, the software
integrator, or the data provider will have implications for how IP rights and
responsibilities are apportioned. In particular, if courts too readily impose excessive
liability risks on Al developers, this may lead them to avoid disclosing technological
details relevant to patenting and instead rely on trade secrecy. On the other hand, if
the liability protections are too weak, there is a risk that defective Al systems could

proliferate and maritime safety might be compromised.t’

These challenges to enforcement are magnified in international waters. Patent
infringement often occurs in jurisdictions where enforcement mechanisms are weak or
politically influenced. In addition, reverse engineering of Al models is relatively easy
for technologically advanced competitors. A nation with limited respect for IP
protections could replicate proprietary navigation algorithms, incorporate them into its
fleet, and deploy them globally with limited risk of enforcement. This problem is
particularly acute in regions of the world where maritime industries are rapidly

expanding and competition is fierce.

Trade secret protection seems appealing to many developers in the Al field because it
does not require disclosure and gives protection for as long as the secrecy is
maintained. However, autonomous vessels are subjected to inspection by port
authorities, classification societies, and insurance surveyors, which may require the

disclosure of at least part of the software architecture, thus bringing about an

17 World Trade Organization, Agreement on Trade-Related Aspects of Intellectual Property
Rights (TRIPS), Apr. 15, 1994, 1869 U.N.T.S. 299.
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unintended loss of trade secret protection.® Similarly, in the event of malfunctioning
of Al systems at sea, forensic investigations might expose the underlying code to third

parties.
International Regulatory Gaps And The Need For Harmonization

The international nature of maritime operations demands harmonized regulations, yet
intellectual property laws governing Al differ significantly across countries. Some
nations allow the patenting of certain types of Al algorithms; others restrict it. Some
recognize copyright in machine-generated works; others do not. These disparities
create unpredictable conditions for maritime innovators attempting to protect their

technologies globally.

The IMO has taken steps to regulate autonomous vessels through frameworks such as
the MASS discussions, but it has not approached IP rights in Al-driven systems.
WIPO has initiated discussions related to Al and IP, but no binding standards have
emerged as of yet. In the absence of harmonized global guidelines, disputes over
ownership of Al-generated navigation data, algorithm ownership, and patent

enforcement will keep on hindering progress.

A similar challenge pertains to which jurisdiction applies to maritime IP disputes.
Does the flag state of the vessel have authority? The port state? The country where the
Al developer is located? Or the place where infringement occurred? Classic maritime
jurisdiction principles are grossly inadequate for digital and algorithmic disputes.
Thus, IP controversies among and within autonomous vessels often suffer from a lack

of clear forums to address them, and legal uncertainty dampens innovation.

Al, Automation, And The Transformation Of Maritime Labour, Skills, And IP
Rights

The rise of Al-powered autonomous vessels also reshapes the human element of

18 EMSA Study on Autonomous Ships (2018).
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maritime operations, creating new intersections between technology, skill sets, and
intellectual property. Traditionally, seafarers relied on experiential knowledge-
intuition about weather, ship mechanics, or sea conditions gleaned through years at
sea. As Al systems increasingly assume responsibility for navigation, engine
monitoring, cargo optimization, and emergency decision-making, this experiential
knowledge is gradually encoded into data-driven models. This begets a nuanced

intellectual property question: who owns the digital replication of human experience?

Many Al developers use datasets obtained from experienced captains and engineers
whose decision-making, steering patterns, and emergency responses become the
training basis for navigation models. Once an Al system internalizes such human
decision-making characteristics, the boundary separating human competence from
proprietary software becomes blurred. Already, maritime unions and labor groups
have started to argue that seafarers should receive some sort of rights or even
recognition whenever their historical performance serves as the basis of lucrative Al
models. This opens a whole new dimension of IP law-whether individual operational
knowledge, hitherto unsecured, is entitled to compensation upon reduction to

machine-learning training data.

Automation also changes the nature of work in the maritime industry. Where vessels
become increasingly autonomous, new professions arise: Al technicians, data
scientists, remote vessel operators, cybersecurity specialists, and even Al ethics
auditors. 1 These professionals supply intellectual inputs for which they require
protection. Shipping companies increasingly rely on in-house innovation teams, and
disputes between employers and employees over ownership of algorithms, datasets,
and optimization methods formulated during work are common. Although most
countries apply "work for hire" provisions where employers take ownership, this is
increasingly blurred by the complexity of Al development, especially when done

remotely or from home using personal assets. Given the development in the maritime

19 NIST, Framework for Improving Critical Infrastructure Cybersecurity (2018).
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industry, there is an increasing need to reassess the contractual norms regarding

ownership rights, confidentiality, and innovation-sharing mechanisms.

Furthermore, the globalized nature of maritime labour introduces cultural, legal, and
operational disparities in IP expectations. For example, an Al engineer employed in
Europe ,where employee-inventor rights are strong , may have different claims over
their innovations compared to one employed in Southeast Asia, where employer-
centric ownership frameworks dominate. As maritime companies increasingly
outsource Al development to multinational teams or specialized global tech firms,
determining IP ownership becomes even more challenging. These uncertainties
necessitate stronger international norms for employment-related intellectual property

within the maritime Al ecosystem.
Ethical, Safety, And Accountability Concerns: Their Overlap With IP Rights

Al technologies in autonomous vessels also raise a number of ethical considerations
that intersect with intellectual property rights, particularly in the context of safety.
After all, maritime Al systems perform tasks that involve human life, marine
ecosystems, and global trade. Thus, the question of how much of such critical Al
systems can be proprietary becomes an ethical issue. Suppose a company develops
some advanced collision-avoidance Al but claims complete trade secret protection for
its algorithms.?® Regulators will struggle to evaluate whether the system meets safety
standards. Excessive secrecy may create operational risks, especially when such

systems become the industry norm.

Civil society groups and maritime unions also argue that a minimum degree of
algorithmic transparency should be required for safety-critical maritime Al systems.
This idea is resisted by the companies, who say that the disclosure of algorithms
exposes commercially valuable intellectual property. Reconciling transparency with

proprietary rights becomes a balancing act. One suggested solution would be to use

20 Hall & Helmers, Patent Pools and Clean Energy.
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"algorithmic audits” conducted by neutral third-party maritime regulators under
conditions of confidentiality. Audits would permit regulators to evaluate proprietary
Al systems for adherence to international safety standards without full public

disclosure.

Ethical dilemmas also arise when Al systems have to make choices during emergency
situations. For instance, in a collision scenario, the Al operating an autonomous vessel
may be compelled to decide between property damage, environmental risk, or
possible loss of human life. These principles of decision-making have to be inscribed
into the architecture of the Al. Should these ethical frameworks be patented, or do
they form moral guidelines that ought to stay in the public domain? This is a
fundamental question because once ethical decision-making becomes hardwired into
proprietary models of Al, it risks privatizing decisions which should be guided by

international maritime norms.

Another ethical-IP nexus involves marine environmental protection. Al systems
contribute to global sustainability goals by reducing fuel consumption, monitoring
marine pollution, or detecting illegal fishing.?! Again, should such environmental
tools remain proprietary to maximize corporate profit, or be shared globally in order
to incentivize environmental protection? Some scholars suggest "green patent pools™
or open-licensing models in the maritime sector whereby companies would
voluntarily share environmentally impactful technologies in return for certain

regulatory or economic incentives.
Al-Generated Maritime Innovations And The Challenge Of Inventorship

A particularly complex intellectual property issue arises when Al systems themselves
create new solutions. For instance, an Al-driven design system might suggest a new

form of hull shape that reduces drag after analyzing thousands of historical hull

2L IMO, International Convention for the Prevention of Pollution from Ships (MARPOL), Nov. 2,
1973, 1340 U.N.T.S. 184.
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geometries and oceanographic conditions. Traditional patent systems require human
inventors, yet in such cases the creative leap is made by the Al. Courts worldwide-
including in the US, UK, EU, and Australia-have rejected Al as a legal inventor,
insisting that only humans can hold inventorship status. This presents a problem for

the many maritime companies significantly invested in algorithm-driven innovation.

Without human inventorship, Al-generated inventions are not patentable. If Al-
generated outputs cannot be patented, companies are uncertain about protecting these
outputs. Competition could slavishly copy or reverse-engineer such innovations
without any legal consequence. Or firms might list incorrect human employees as
inventors, merely to satisfy patent requirements—several ethical and legal concerns
come into question. This raises an argument for reform. Some scholars argue for a
hybrid category, such as Al-assisted invention, which requires the substantial

contribution of a machine without extending personhood to an Al system in law.?2

Another challenge involves the training datasets that allow Al-generated inventions.
Maritime datasets-years of ship-performance logs, maintenance records, and
oceanographic maps-are often compiled from multiple sources. If an Al system uses
those datasets to derive a new design or optimization method, do contributors to the
dataset get credit as co-inventors? Current laws provide little guidance, and there is
much debate about whether dataset contributors should be compensated or credited in

Al-driven innovations.

This underlines the issue where traditional models of the patent system seem to fall
short with regard to accommodating Al-created creativity, particularly in industries
like maritime technology where competitiveness depends on such machine-generated

innovations.

Cybersecurity, IP Theft, And Digital Vulnerabilities In Autonomous Vessels

22 Australian Patent Office, Guidelines for Al Inventorship (2021).
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Autonomous vessels, reliant as they are on continuous data exchange and algorithmic
processing, are correspondingly highly attractive targets for cyberattacks many of
which directly threaten intellectual property. Maritime cybersecurity incidents have
increased dramatically, with hackers targeting onboard networks, navigation systems,
and port logistics platforms. The biggest risk to the intellectual property of developers
of maritime Al is that associated with cyberattacks, wherein copies of algorithms and

datasets could be copied remotely with minimal trace.?

Fully autonomous vessels rely on a suite of connected networks: satellite
communication, internal Al systems, remote-control interfaces, and even portside
communication infrastructure. In the event of a hack, if any one component is
compromised, entire software architectures and datasets can be accessed. Which begs
another important question: Should cybersecurity architecture itself constitute
intellectual property, and therefore be protected as such? For their part, some
maritime companies believe their cybersecurity frameworks-firewall configurations,
intrusion detection models, encryption techniques-represent patentable innovations.
Others use trade secret protection, as patent disclosures would reveal their defense

strategies to would-be hackers.

State-sponsored cyber espionage also presents a problem for the maritime industry,
particularly when targeting proprietary algorithms and datasets. Nations desiring to
enhance their shipping industries may engage in covert operations to pilfer foreign Al
technologies. The geopolitical cyber threats present a dire need for strong
international frameworks that treat the theft of maritime Al as serious digital piracy.
At the moment, international maritime law does not address cyber-IP theft, hence

creating a regulatory vacuum in which companies are left unprotected.

Navigating The Future: The Need For New International IP Frameworks For

23 EMSA Cybersecurity Guidelines (2020).
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Maritime Al

It goes without saying that the rapid evolution of Al-enabled maritime systems has
shown that existing IP laws cannot address emerging technological realities. The
international nature of maritime activities requires a global framework rather than
isolated national policies. The IMO, WIPO, and UNCLOS should now work in
tandem to design harmonized guidelines addressing issues such as Al-generated
content, algorithm ownership, data-sharing rights, cybersecurity, and cross-border

dispute resolution.?*

Future regulations will have to balance the protection of innovation with the
requirements for transparency, safety, and the protection of the environment. The
maritime sector may well benefit from specific treaties or protocols dealing with those
Al-unique IP issues, like harmonized rules on Al inventorship, data ownership in
international waters, or protection against algorithmic piracy. Unless such global
coordination is achieved, companies may be reluctant to fully invest in maritime Al,
holding back technological development and full deployments of autonomous

shipping fleets.

CONCLUSION

One of the most significant technological shifts to happen in the modern maritime
landscape involves the emergence of artificial intelligence and autonomous vessels.
As global supply chains continue to become increasingly digital, data-driven, and
automated, the maritime sector is at an important juncture, considering that it is one of
the more conservative industries when it comes to adopting innovation. From Al-
powered navigation systems to predictive maintenance algorithms, environmental
monitoring tools, and everything up to fully autonomous vessels, the new wave is not
only redefining operational efficiencies but the very nature of maritime transportation

itself. These systems reduce human error, enhance real-time decision-making,

2 IMO, Digitalization and Cyber Risk Management Framework.
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improve route optimization, and can drastically cut operational costs. While much is
gained by this rapid infusion of autonomy, there are complex, multi-dimensional

challenges arising, especially in the realm of intellectual property rights.

The issue is that traditional IP structures were rooted in human creativity, territorial
enforcement, and physical inventions. Artificial Intelligence challenges every single
one of those assumptions. As autonomous systems begin to develop data-driven
insights, modify their algorithms, or even devise potentially patentable solutions, the
line between human inventorship and machine autonomy becomes blurred. This
ambiguity complicates questions of ownership, protectability, liability, and
enforceability. For the maritime sector, which operates across multiple jurisdictions
and often on international waters, the situation is even more complex because IP
regulation varies greatly from country to country, creating a patchwork of protections
that often remains both inconsistent and inadequate for cross-border technological

systems.?®

Furthermore, with the increased use of data to power machine learning models on
vessels, concerns about data ownership, confidential shipping information,
interoperability, and proprietary algorithm protection rise. It is hereby indicated that
while maritime companies have invested millions into developing distinctive Al
operational systems, poor cyber standards, an absence of harmonized laws globally,
and a growing risk of cyberespionage put these digital assets in jeopardy. For
maritime operations, being highly interconnected means that even one breach of
intellectual property could have cascading effects on supply chains, national security

frameworks, and international commercial relations.

However, despite these challenges, this transition to Al-driven maritime systems
remains inevitable and indispensable. The global maritime sector is facing increasing
demands to reduce emissions, enhance safety and efficiency, and ensure more

sustainable logistics. Artificial intelligence opens new avenues to such goals.

2 World Intellectual Property Organization, Arbitration Rules (2021).
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However, innovation cannot prosper without an efficient legal environment that
balances commercial protection with technological development. Therefore,
intellectual property law needs to move hand in hand with maritime automation. Any
future for autonomous shipping must consequently see light not just through
technological advancement but also through legal clarity, regulatory foresight, and

international cooperation.

In other words, inasmuch as Al and autonomous vessels bring unparalleled
opportunities, there is also a need for an entirely new approach as regards IP
governance. The ability for the maritime industry to make full use of its digital
transition depends on the degree to which national governments, international bodies,
and private stakeholders work together on flexible, inclusive, and technologically
informed intellectual property frameworks. It is only then that the maritime industry
will achieve a combination of safety, accountability, and innovation through the use

of Al for many decades hence.

RECOMMENDATIONS

A number of key recommendations emerge from this work, designed to ensure that
Al-driven maritime technologies develop within an intellectual property environment
that is supportive and future-ready. These recommendations are intended to balance
innovation with regulation, enhance institutional capacities, and build a sustainable

foundation for the next generation of maritime technology.

First, there is the need for the international maritime community to strive towards an
international IP framework concerning Al and autonomous vessels. Because of the
transboundary nature of maritime operations, complex data sharing, joint innovation,
algorithmic ownership, and cross-border enforcement cannot be addressed by national
regulations alone. There is a need for IMO, WIPO, and UNCLOS to collaborate on
the drafting of soft-law instruments or a separate convention to harmonize standards.

Such a framework should address core concerns, such as inventorship of Al-generated
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works, permissible data-sharing practices for Al training, algorithmic transparency
obligations, mechanisms for resolving IP disputes arising on high seas or across

multiple jurisdictions.

Secondly, national governments should actively weigh in on creating a new legal
classification for inventions either created with Al assistance or wholly by Al. Current
patent laws presuppose human creativity as a condition, thereby raising ambiguities
when an Al system devises novel solutions, optimizes designs, or interprets data
independently to create innovation. A hybrid legal model-in which Al contributions
are recognized and attributed under supervised human oversight-may be more
balanced and future-proof. In this respect, it would enable innovators to protect

outcomes generated by Al without distorting the legal concept of inventorship.

Third, data governance must be strengthened. Clarity on data ownership and rights to
data generated by autonomous vessels is needed to avoid potential disputes between
shipowners, software developers, Al model creators, insurers, and regulatory
authorities. Categories of maritime data should be defined; ownership rights specified;
data-sharing obligations outlined; and ways in which data may be used when training
machine learning models regulated. Without clear data governance, the Al innovation

ecosystem becomes vulnerable to conflict, misuse, and strategic exploitation.

Fourth, cybersecurity needs to be raised as a core IP protection priority. Al models,
training datasets, vessel telematics, and autonomous navigation systems involve high-
value intellectual property that is susceptible to theft, manipulation, and espionage.
Governments and maritime authorities should require strict cybersecurity protocols,
regular algorithm integrity audits, encryption requirements, and breach-reporting
obligations. Autonomous vessels need to be addressed as high-value digital assets, not

just physical maritime systems.

Fifth, transparency mechanisms should be developed without necessarily

compromising proprietary algorithms. Regulators should have auditing powers over
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Al systems for safety compliance, accident investigation, and environmental
accountability. Auditing should be conducted under confidentiality protection to avoid
any disclosure of trade secrets. The use of independent third-party assessors,
accredited by the relevant authorities, can provide an appropriate balancing

mechanism for oversight with the protection of commercial interests.

Innovation in environmental and safety technologies should be incentivized through
rewards for open knowledge-sharing. Patent pools, open-source frameworks, or
voluntary licensing agreements could accelerate the diffusion of Al tools reducing
emissions, predicting equipment failures, or preventing collisions. Maritime
sustainability is a global responsibility, and certain forms of Al innovation may be

better advanced through cooperative rather than competitive 1P models.

Seventh, there is a need for investment in human capacity-building by governments
and private institutions. With increased technological complexity in maritime
operations, Al literacy, digital governance, and IP management skills will be highly
required at all levels, from ship operators to legal experts and regulatory authorities.
Training programs, academic research initiatives, and cross-disciplinary

collaborations should be expanded.

Finally, dispute resolution systems need to be reshaped in light of the peculiar
challenges arising within Al-related IP conflicts. Specialized arbitration mechanisms,
possibly under WIPO or IMO could provide faster, more technologically informed
resolutions compared to traditional courts. This would reduce uncertainty for

businesses and foster confidence in maritime innovation.
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