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ABSTRACT

Advances in artificial intelligence (AI) and automated robotics will profoundly influence space operations. By
utilising machine learning and deep learning approaches, Al-enabled systems may accomplish tasks as well as
improve their own performance. These capabilities are useful in the often-remote settings of outer space and will
grow in value as automated space operations become more widespread. As Al extends throughout the space
domain, automated algorithms will take on many of the roles that have historically been handled by humans.
Artificial intelligence is progressing from theory to implementation in the space environment by exposing new
satellites and orbital autonomous vehicles to new data. Even though all initial computational parameters are
provided, such systems’ outputs can be very unpredictable, putting people, property, and the environment at
risk. This paper investigates the application of United Nations space treaties, selected regional Al regulations, and
various ’soft-law’ instruments and industry initiatives focusing on responsible Al system development to space-
based AI systems. Following that, reforms are proposed to clarify the practical relationship between Al systems
and the international legal regime that governs space, as well as a "bottom-up’ regulatory approach to better
facilitate the future development of regulation governing the use of Al by the global space sector. While this work
does not purport to provide a conclusive resolution to these multifaceted matters, its objective is to underscore
significant obstacles that arise at the convergence of space law and Al, serving as a preliminary foundation for
subsequent discussions on this issue.

1. Introduction

assistants, space healthcare,[5], p. 537] mission planning [6], satellite
data processing, space debris mitigation [7], real-time spacecraft

The AI and space industries are worth around USD 136.6 billion and
half a trillion USD per year and are projected to grow to USD 1.8 trillion
and USD 1-3 trillion, by 2030 and 2040, respectively. [11, [2], p. 4] [3],
[4], p. 74] These industries are driving technological innovation, but
regulation is struggling to keep pace with their rapid expansion. The
primary challenge is creating regulation that can address risks and
harms posed by these new technologies while remaining responsive to
fast-moving technological and economic developments.[4], p. 76].

Al and space technologies are enabling sophisticated space opera-
tions through various integrations, both on Earth (AI on Earth process-
ing data from space) and Al physically located on hardware in space (in
situ AI). Some examples of Al in the space industry include: astronaut

monitoring,[8], pp. 4-5] and automated propulsion and navigation
systems.[9], p. 2] Al also have applications in weather and atmospheric
monitoring, vegetation and ground analysis [9], large-scale climate
modelling [10,11], space object detection, tracking and removal,[8, p.
3] and selective data transmission to reduce downlink volumes.[12], p.
49] [13-19], The potential for Al to be utilised in situ has expanded as
‘edge computing’ platforms designed for AI on board satellites have
come to maturity, enabling many more possible use cases going forward.
[81, [12, pp. 48-49] [20], Organisations such as Planet and Descartes
Labs have begun to create dedicated solutions for processing satellite
imagery using machine learning to detect and classify objects, as well as
forecast weather systems with greater accuracy. These represent early
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players in this emerging field where capabilities are rapidly expanding.
Groups such as these are also the prime audience for discussions sur-
rounding guidance and regulation for Space Al components given their
involvement in the development of such systems.[8, p. 4] Some appli-
cations of space-based Al systems are shown in Fig. 1.

The regulation of Al technologies will be important as they mature
and become more widespread. As the value of these systems and the
associated risks of harm to individuals, property, and the environment
become more apparent, guidance is needed to ensure standards of
quality in the development and use of space-based Al systems.[22], p.
7]. Although ‘terrestrial’ legislation will play a primary role in regu-
lating Al, the unique jurisdictional issues related to operating in space,
combined with unique risk management factors suggest a thoughtful
consideration of tailored regulation for AI operating in the space sector
is necessary [23]. Operational standards for space-based Al systems are
therefore required to maximise safe operation and prevent or mitigate
potential harm to the greatest extent possible. It is important to note that
in approaching ‘Space A’ examples of Al in situ as well as terrestrially
based systems (which process data gathered using space-based equip-
ment) are considered. This broad approach is taken because the risks to
be addressed by developing a ‘responsible Al in space’ framework must
address the potential harms caused by both forms of Space Al systems.
Two specific use cases illustrate the potential harms well: Earth Obser-
vation (EO) and Space Traffic Management (STM). EO involves the
potential for privacy breaches stemming from the Al-enabled insights
and analysis of high temporal and spatial resolution satellite photog-
raphy. STM deals with orbital traffic and space debris, including the
need for automated satellite and spacecraft manoeuvring to avoid col-
lisions as orbits become more crowded [24-26]. As of 2019, satellite
operators were already spending 14 million euros per year to avoid
collisions, despite 99 % of conjunction predictions being false alerts.
[27], p. 27] These examples demonstrate the potential for harm to in-
dividuals, property, and the orbital environment if space-based Al sys-
tems do not operate within the law and in a highly accurate manner.
Many different legislative and regulatory regimes may be applicable
when examining the intersection of the space industry and Al technol-
ogies.[22, p. 4] International space law, domestic regimes governing
space and Al, and industry guidelines and standards are all relevant to
the regulation of space-based Al activities. The current lack of binding
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regulation has led to the development of non-binding industry ap-
proaches to guide the responsible development and use of Al Although
these approaches lack the authority of binding legal treaties, they can
still represent a political commitment from States and their space
agencies regarding their use of Al technologies. These approaches also
provide guidance and clarity regarding existing laws and regulations
governing space-based Al systems while illuminating a path toward the
future development of legally binding instruments.

By reviewing the existing law and regulations related to liability in
the context of space-based Al systems, this paper aims to explore the
existing limits of regulation governing this area and suggest options for
addressing regulatory gaps going forward. This paper is the extended
version of the conference paper presented at the 17th International
Conference on Space Operations [28].

2. International space law

In order to have a discussion with the aim of informing discourse
regarding the regulation of Al in space, it is necessary to review the
pertinent international legal instruments. Five space treaties were
negotiated and drafted under the auspices of the United Nations (UN),
relevantly including the Outer Space Treaty (OST) [29], the Liability
Convention [30], and the Registration Convention [31]. These in-
struments were drafted in the 1960s and 1970s and one of the main
focus remained on preventing conflict in outer space. These treaties do
not directly address AL[32], p. 16] but they form a foundational basis
for regulating space activities and enjoy nearly universal adoption in the
international community. Some have suggested a new space treaty to
explicitly address modern developments like Al in space [33], [34, pp.
310-311] but this seems unlikely to develop soon due to a present lack
of political willpower. Instead, it may be more practical to clarify
existing treaty obligations through guidelines and confidence-building
measures.[4, p. 771, [34], p. 333], [35], p. 174]. Fig. 2 outlines rele-
vant sources of regulation for Al in the space sector.

The OST establishes key principles of space law such as the non-
appropriation of outer space by nations, the applicability of interna-
tional law to activities in space, the responsibility of States for national
activities in outer space, the liability of States to other State parties for
damages caused by their space objects, and the jurisdiction of States
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Fig. 1. Al-Augmented space activities [21].
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Fig. 2. An illustrative diagram showing different sources contributing to the regulation of Al in the space sector.

over objects sent into space.[29, p. VIII] Although Article III imports
international law to activities in outer space, and so could recognise new
norms if they reached the level of customary international law as
demonstrated through opinio juris,[34, pp. 316-317] this cannot be
interpreted as a ‘catch all’ provision which allows any other interna-
tional legal principles to be applied to this unique domain and has not
been treated as such by the international community.[4, pp. 76-77]

The Liability Convention expands on Article VII of the OST by out-
lining a dual-pronged liability regime, based on fault and absolute lia-
bility, depending on the location of the damage.[30, Art. II-III] [36],
This treaty is important in regard to damage to space objects as a result
of space debris and collisions between space objects of which at least one
is flight-controlled by automated systems. The Liability Convention
holds launching States jointly and severally liable for any damage
caused,[30, Art. V] encouraging States to mitigate risks and comply with
best practices and international treaty obligations. Given that liability is
not limited under the Convention, this motivates States to develop
appropriate national space legislation.[37], p. 4]

The Registration Convention concerns the registration of objects sent
into space, with details recorded in both State-based registers and a UN-
based international register. These registers include details of the
launching State of the object(s), the name/designator of the object(s),
the time and place of launch, orbital parameters, and the general func-
tion of the object. Importantly, the Convention adopts the definitions of
“launching State” and “space object” found in the Liability Convention.
[31, Art. I]
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2.1. Issues with AI under international space law

The lack of settled jurisprudence regarding liability for damage
caused by space objects and damage caused by Al systems generally
raises many questions that cannot be addressed in one paper. This paper
instead seeks to flag some limited aspects of the definitions and liability
mechanisms outlined in the international space treaties that may
become points of contention in the future.

As stated above, the space treaties collectively do not contemplate
the operation of Al systems in space and the implications it may have
under this governing framework. This creates ambiguity surrounding
attribution of fault given the lack of a person to whom decisions, acts or
omissions can be attributed, and by extension, a legally liable launching
State,[2, pp. 7-81, [38], p. 437] though some have dismissed the issue.
[39], p. 6] In the absence of clearer guidance, the launching State of an
Al-enabled space object has been put forward as the appropriate party to
which liability should be attached, in line with the fact that the liability
scheme is predicated on the launching State of an object. This implies
that launching States must authorise and supervise all ‘intelligent’ space
objects launched from their territory, ensuring they exercise due dili-
gence in taking steps to mitigate potential damage cause by said objects.
[2, pp. 9-10] This may extend to States being responsible for main-
taining the security of the Al-enabled space objects against hacking,
disruptions, or being otherwise compromised in a way that would affect
automated navigation and communications systems.[22, p. 6] Such a
proposal could meet resistance in the form of launching States that do
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not wish to be held jointly and severally liable for damage they claim to
be caused by a poorly designed Al system procured by another launching
State beyond their control. This may be relevant in a scenario where a
particular launching vehicle contains multiple payloads from different
States, and one payload utilising Al causes issues for the payloads of the
other launching States, resulting in potential claims at the State level
between the relevant parties on behalf of the payload owners. It is
important to note that while this scenario may be possible in the ab-
stract, it is almost certainly irrelevant due cross-waivers and other in-
demnities being granted as a part of contractual arrangements between
the various parties.

Another question concerns whether Al can be considered a ‘space
object’ for the purposes of the Liability and Registration Conventions
and consequently (or rather separately) whether Al systems should be
registered in a similar way to physical objects, especially given the lack
of physical characteristics that Al systems possess. Definitions included
in the Liability Convention highlight the uncertainty of its application to
Al systems. Given “launching States” are the entities which incur lia-
bility, the definition of a “launching State” should be examined. Article I
(c) articulates that a “launching State” means “A State which launches or
procures the launching of a space object” or “A State from whose ter-
ritory or facility a space object is launched”.[30, Art. I(c)], [40], p. 137]
No specific definition or example of “space object” is provided in the
OST, but a generally accepted definition is that a “space object” is “any
man-made object, launched or intended to be launched in outer space,
including any non-functional objects, especially space debris.”[39, p. 3]
Continuing, the definition provided by the Liability Convention of
“space object” “includes component parts of a space object as well as its
launch vehicle and parts thereof” [emphasis added].[30, Art. I(d)]
Component parts is not defined in the document, and no examples are
provided, making it a highly ambiguous term.[41], p. 6] Looking to
authoritative dictionaries, “component part” is defined as a compound
phrase meaning “something (as a building or part of a building) that
cannot be removed without substantial damage to itself or to the
immovable property to which it is attached” [emphasis added] [42].
This definition is aligned with the interpretation of other authors who
have focused on the physical structure of the ‘greater’ space object,
where the lack of a “component part’ would render the ‘greater’ object
incomplete.[43], p. 607] In the context of Al in space, this could be
interpreted to mean that an Al system that could not be removed without
causing a dysfunction to the object on which it resides could in itself
constitute a space object for the purposes of the Liability Convention and
thus attract liability to a State which procures the launching of the Al
aboard said object, in addition to the other States involved.[30, Art. V]
This would be relevant where a State not directly involved in the launch
of a space object could be considered to have procured the Al-based edge
computing payload being launched on a rideshare, making it a
“launching State” (for the purposes of the Liability Convention) through
the procurement of a space object,[40, p. 152], [44], p. 114] and thus
this could have serious implications regarding liability, licensing, and
insurance arrangements for parties involved in in situ Al deployments.
[44, p. 140]

Aside from the limited scope of application imposed by the vague
terminology regarding “substantial damage”, the interpretation outlined
above is dependent on either a ‘purposive’ interpretation of the defini-
tion of “component part”, with damage being done to the ability of the
space object to perform its task, or a broad interpretation of ‘object’
beyond traditional physical and tangible notions. The distinction is
relevant as there is some dissent among scholars as to whether the term
“space object” should be taken to mean only physical objects, or also
intangible objects (such as electromagnetic signals).[38, p. 434], [41, p.
6] Given that Al is a form of software composed of code, and that code is
a particular configuration of matter which is then read by hardware, it
could be considered to have a physical form, thus avoiding the distinc-
tion. However, this logic would also apply to non-Al enabled software,
making this argument much broader and consequently more difficult to
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justify as regular software (regardless of its importance in contributing
to the function of the ‘greater’ space object to which it belongs) is un-
likely to be considered an independent space object.[39, p. 3] The
traditional approach to defining “space object” enjoys more support,[40,
p- 1391, [41, p. 6] and in the case of in situ Al systems, the lack of
physical independence from the ‘greater’ space object to which it is
attached can be used to argue that Al itself (independent of the hardware
on which it sits) should not be considered a unique space object.[45], p.
165]

As such the broad interpretation of “space object” above is not sup-
ported by existing jurisprudence, nor would its operation be clear.[41, p.
7] However, it does illustrate one instance of the unclear application of
the Liability Convention to Al systems operating in space and the need
for clarification as the capabilities of actors within the space industry
evolve. The Liability Convention’s ambiguous and untested provisions
on damages and claims have therefore made contractual and insurance
arrangements of central importance in space mission planning due to
commercial actors’ preference for private risk allocation to avoid issues
of double insurance and disputes.[46], p. 22], [2, p. 201, [39, p. 7] It is
worth noting that the European Union has moved to provide their own
definition of “space object”, meaning “any man-made object in outer
space”. [47], Art. 2(2)] This is a similarly vague definition which may
also require clarification in the future.

2.2. Potential international law solutions

The international legal framework governing space activities may
become insufficient in addressing Al-related damage claims in space and
could be improved through amendments or new multilateral treaties.[2,
p. 20] This is because, as the models and systems deployed in the space
industry mature and exhibit increasingly advanced capabilities, they
will begin to operate in materially different ways to traditional computer
software, presenting new issues related to biases and lack of trans-
parency in their computational processes. The proliferation of auto-
mated systems in orbit and the general crowding of Earth’s orbits will
shift the level of tolerable risk for missions going forward in a manner
that may require the reevaluation of previously accepted regulatory
approaches. One potential reform is the introduction of a supplemental
binding protocol to the Liability Convention that expands upon concepts
such as “space object”, “damages”, “fault” and “gross negligence”, and
clarifies links between the OST and the Liability Convention which
muddy the application of existing international space law norms to Al
systems.[41, p. 71, [38, p. 4401, [44, p. 113] Although general principles
relevant to international law and discourse regarding the interpretation
of the space treaties covers this to an extent,See Ref. [48], [40, pp.
140-141] the applications of these documents to Al systems raises
questions as to the suitability of established principles being applied to
systems with emergent capabilities.

Issues of causation and attribution could be avoided in the inter-
pretation of ‘fault’ by applying a strict liability regime to damage caused
in the case of Al involvement,[40, p. 142] however this approach re-
quires not only a modification of the existing dual-pronged liability
regime but would also lack the finesse required for such a complex topic.
It would cause new issues regarding definitions of what constitutes Al
for the purposes of international space law, as well as whether the Al
system is ‘involved’ in an accident or merely present when other non-AI
related faults have occurred. Because of this, the reallocation of fault to
those who own and operate the system as is beginning to occur in do-
mestic regulatory frameworks may be a more appropriate rule to apply
to the fault-based regime governing damage caused by Al in situ.[22, p.
6]

While the weight of jurisprudence is squarely against recognizing Al
or other non-tangible objects as ‘space objects’, as these systems become
more advanced and display new capabilities and are employed in new
ways, reconsideration of these principles may be necessary. A revised
definition of “space object” could be drafted to address potential issues
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by including “any item launched or attempted to be launched physically
into outer space. It includes all its tangible and intangible components,
such as software, hardware, equipment, installations, launch vehicles,
and other parts thereof, without which, the full operation of the space
object would not be construed as possible”.[41, p. 7] This would provide
greater clarity and certainty for those dealing with Al-related damages
while remaining compatible with the existing definition of space object
under the Liability Convention. One issue with this wording relates to
the scenario where a non-tangible object (such as an algorithm) is
transmitted (or even more generally ‘placed’) into space but not
‘launched’ in the traditional sense,[40, p. 154] and so this idea requires
further iteration in order to avoid creating more ambiguity than it
clarifies.

The idea of creating a special registry to track the details of Al-
enabled space objects has been proposed as a way to increase trans-
parency in Al-related space activities.[22, p. 7], [49], p. 144] The reg-
istry could record information such as the type of AI model used, the
purpose of the system, who created it and who licenses/operates it, a
general description of the type of data used to train the relevant Al
models, and the launching State associated with the objects. While such
a system could help clarify the design, operation, and ownership of Al
systems, it may face resistance due to organisations’ reluctance to
publicly disclose sensitive information and open themselves to potential
legal and financial obligations in the event of an accident. The design
and implementation of such a registry would need to be carefully
considered and negotiated to ensure widespread adoption.[22], p. 7]

Separately, it has been suggested that general principles of interna-
tional law could be imported to the space domain through Article III of
the Outer Space Treaty to clarify States’ obligations under Article IX
regarding due diligence and fault.[38], pp. 441-442], [48], Art. 2]
While this approach has appeal, the existing space law regime must be
the locus of such discussions.[48, p. 125] Only after this can more
general principles be adapted to the unique legal and technological
context of outer space.[50], p. 15]

While the above propositions would be constructive, reforming in-
ternational space law to address Al-related issues may be difficult as
evidenced by the lack of new binding instruments since the 1979 Moon
Agreement and the difficulties in amending existing treaties. [511, [39, p.
1], [38, p. 443] Further, any supplemental protocols would only apply to
States which choose to ratify said protocols, potentially leading to a
fractured international regulatory landscape. The international space
law community is also currently focused on issues surrounding space
debris and space traffic management, so it is unlikely that there will be
significant international regulation of Al in space beyond these issues in
the near future. Gaps in the current framework will likely need to be
addressed through national Al legislation, insurance arrangements, and
industry standards and guidelines for the foreseeable future.

3. Transnational and domestic regulation

The fact that States retain jurisdiction over their space objects sug-
gests that national law applies to them,[37, p. 4] and as such any Al
onboard a space object would be controlled by national legislation even
in space [52]. Many nations have laws governing their space activities as
required by Article VI of the OST, but they generally do not directly
address automated systems. Direct inclusion of provisions intended to
cover the gaps and ambiguities of international space law represents a
clear way to create certainty for organisations operating within their
jurisdiction.[37, p. 9] However, this is unlikely to occur in the near
future as general AI regulations are still nascent in almost all
jurisdictions.

It is therefore important to examine national laws governing Al
systems outside the space domain. These laws often aim to balance the
interests of private sectors and States, protect the public, and promote
innovation. Examining the approaches of other sectors can provide
insight into the direction global Al regulation is moving in and the rules
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that space industry actors must follow based on the location of their
operations [37,53].

3.1. The European approach

The European Union’s proposed Artificial Intelligence Act (EU Al
Act) aims to regulate Al by categorising systems into four risk categories
ranging from “minimal or no risk” to “unacceptable risk” and imple-
menting governing mechanisms accordingly [54]. Systems deemed to
present an “unacceptable risk” will be prohibited,[54, Tit. II, Art. 5]
while those assessed to present higher risk must meet certain re-
quirements. The Act is currently in its trilogue negotiations stage and
will likely be adopted later in 2023 or in 2024. Notwithstanding possible
are delays in negotiations, it is still advancing steadily and represents the
most ambitious dedicated Al legislation in the world to date [55].

The EU AI Act will require high-risk systems to have risk manage-
ment systems, data governance mechanisms, technical documentation,
and record keeping systems.[54, Tit. III, Ch. 2, Art. 9-12] Further they
must be designed to allow for transparency and provision of information
to users, effective human oversights, and accuracy, robustness, and
cybersecurity throughout their lifecycle.[54, Tit. III, Ch. 2, Art. 13-15,
see also Tit. IV, Art. 52] The providers of such systems must also ensure
they have an appropriate quality management system in place to ensure
compliance with this regulation, in addition to drawing up technical
documentation, undergoing conformity assessments, and automatically
generating logs from their systems as required.[54, Tit. III. Art. 17-20,
see also Ch. 5, Art. 43] After deployment of a system, providers must also
establish and document a post-market monitoring system,[54, Tit. VIII,
Ch. 1, Art. 61] and share information relating to any incidents and
malfunctioning of their system that breach their legal obligations.[54,
Tit. VI, Ch. 2, Art. 62]

The Act will also grant compliant Al systems a declaration of con-
formity and a mark of conformity to communicate the quality of their
systems to the market.[54, Tit. III, Ch. 5, Art. 48-49] It also provides
regulatory sandboxes for testing Al systems with safeguards,[54, Tit. V,
Art. 53-54] and gives small and medium-sized enterprises (SMEs) pri-
ority access to support measures to ensure market access and foster
growth.[54, Tit. V, Art. 55]

The Act has faced some criticism for its narrow definition of Al which
could fail to keep pace with changing technologies and forms of Al as
they emerge. [54, Tit. I, Art. 3(1)] [56], [57], pp. 14-15] This is espe-
cially so as the definition may be moved from Annex I to an article,
preventing the European Commission from making later changes to it
[58]. This may however be less relevant as recent reports have stated
that the newest drafts of the definition take a more technology agnostic
approach in line with the OECD definition of AI [59]. Regardless of
potential definitional issues, its penalties (up to €30 million or 6 % of
annual turnover) and scope (applying to any Al provider that imple-
ments or develops an Al system in the EU) make it significant,[54, Tit. X,
Art. 71] even for large multinational corporations.

The EU Al Act is complemented by two additional directives. The
first updates the general product liability directive to include Al stan-
dards and make those who provide software or services that affect the Al
product or make changes to it through updates or machine learning
liable, as well as the manufacturer.[60], Ch. II, Art. 7(4); see Ch. 1, Art.
4] This provides certainty for businesses and allows EU manufacturers to
seek redress from importers or foreign manufacturers.[60, Ch. II, Art. 7
(2)] It also requires manufacturers to disclose evidence and makes it
easier for victims to prove causation and liability in the event of harm
occurring.[60, Ch. II, Art. 8-9; Ch. III, Art. 14; p. 5] The second directive
aims to address Al liability by providing a system for seeking compen-
sation where normal liability rules do not apply and requires access to
evidence from companies in cases of harm caused by high-risk Al sys-
tems.[61, Art. 3] [61], It also changes the burden of proof by adding a
rebuttable “presumption of causality” to avoid the need to explain the
details of an Al system’s inner workings.[62], Art. 4] This is of particular
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importance given the long-standing issues surrounding causation and its
links to the concept of ‘foreseeability’ as related to the actions of Al
systems and liability.[37, p. 3]

The EU Al Act is relevant for space mission operators based in the EU
or using Earth observation systems with imagery of the EU, as the data
would be considered personal data (if sufficiently detailed) and an
output of the system,[2, p. 12] bringing it within the Act’s jurisdiction.
There may also be an argument that certain Al systems used in space
could be classified as “high risk” depending on their use. Although GNSS
is not included under the provision relating to managements and oper-
ation of critical infrastructure, it could be argued that where emergency
services (operating in Europe) rely on GNSS to prioritise their operations
[63], a collision in orbit that degrades GNSS capability relied on by
emergency services is captured under Annex III, Article 5(c), thus
imposing significant controls and restrictions on Al systems which
manage the operations of GNSS satellites or even systems involved in the
manoeuvring of satellites to avoid collisions. [54], p. Annex III, Art. 5
@]

Separately, the European Parliament’s Regulation 696,/2021 directs
the Copernicus mission to incorporate Al into its operations and suggests
considering the Commission’s white paper on “excellence and trust” in
Al systems.[47], Para. 72] [64], This suggests that considerations of
ethics and trust in AI may become important in the space industry’s Al
development activities. It would be ideal for future legislation to include
explicit reference to space Al systems and their risk-based governance
classification under European law.[37], p. 10]

3.2. United States of America

The U.S. has several laws related to private space activities, but they
do not address Al systems [65-67]. Currently the US does not have
federal legislation regulating Al systems. However, the Algorithmic
Accountability Act of 2022 (AAA) has been proposed at the federal level
[68]. It would require companies to assess bias and effectiveness when
using automated decision-making systems. The AAA is similar to the EU
Al Act but takes a high-level approach and leaves implementation to the
Federal Trade Commission (FTC).[69], p. 2]

The AAA requires organisations to assess the impact of automated
decision-making systems before and after their deployment[68], Sec. 3],
similar to the conformity assessments found under the EU Al Act.[69], p.
2] Contrastingly, the AAA focuses on regulating “critical decision pro-
cesses” and has a broader scope than the EU Al Act, requiring conformity
assessments for all automated decision-making systems with significant
effects on consumer’s access to the types of services listed in the Act
(compared to only ‘high risk’ systems in the EU).[68, Sec. 2(8)] Because
of this, it could be argued that the AAA is more technology agnostic and
is better prepared for the future of AI development compared to the EU
Al Act.[69, p. 3] [56].

However, the AAA only applies to “large companies” with an annual
turnover over USD 50 million, equity value over USD 250 million, or
that process the information of over 1 million users.[68, Sec. 2(7)] This
limits its ability to protect individuals and may lead to complicated legal
and accounting arrangements by large organisations to avoid regulatory
oversight.[69, p. 4] The EU AI Act has a better model of placing
consistent requirements on all organisations while providing support to
SMEs to enable compliance without disadvantaging them compared to
larger competitors.[54, Tit. V, Art. 551, [69, p. 4]

Unfortunately, legislation regulating technology is difficult to pass in
the U.S. and proposed Acts are unlikely to progress soon.[69, p. 6] [70],
However, initiatives such as the White House’s “Blueprint for an Al Bill
of Rights” and the NIST’s development of Al standards and the “Trust-
worthy and Responsible Al Resource Centre” indicates an increasing
awareness of the need for Al regulation in the U.S [71,72]. President
Biden has also recently issued an Executive Order on ‘Safe, Secure, and
Trustworthy Artificial Intelligence’ aimed at establishing new standards
for Al safety and security, protect privacy, and promote innovation and
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competition, among other goals, further indicating the increasing pri-
oritisation of responsible Al policies (but not necessarily regulation) in
the U.S [73].

Specific to space AI, NASA has released an Al ethics framework
outlining ethical principles for the development and use of Al in space
activities [74]. NASA has also committed to promoting responsible Al in
response to Executive Order 13960 [75,76], though the specifics of the
commitment have not yet been fully developed. This move by NASA
signals the direction in which AI regulation is likely headed and the
culture that space industry players should adopt in order to align with
NASA and its supply chain.

3.3. Australia

The Australian regulatory situation, lacking modern AI laws but
recognizing the need for reform, is similar to many jurisdictions around
the world. Australia has a space agency and a growing space industry,
but its space legislation, the Launches and Returns Act 2018, does not
have provisions related to Al systems [77]. The country relies on
traditional consumer and privacy laws to address potential issues with
Al but these laws do not specifically address AI [78,79]. In 2019, the
Australian government released “Australia’s Artificial Intelligence
Ethics Framework” which consists of eight principles to ensure the
safety, security, and reliability of Al systems developed in the country
[80]. The New South Wales State government has also released its Al
Assurance Framework which requires reviews of government Al projects
under certain conditions and takes into account ethical Al principles
when determining the risks and benefits of a project [81]. These ini-
tiatives have been complimented by the establishment of the
Commonwealth Scientific and Industrial Research Organisation’s
(CSIRO) National AI Centre, and the centre’s Responsible Al Network
which aims to bring together experts, regulatory bodies, training orga-
nisations, and practitioners to coordinate the development of respon-
sible Al solutions for Australian industry [82].

In discussing reforms, the Australian Human Rights Commission
(AHRC) released a report with recommendations for the use of auto-
mated decision making, including the creation of an “Al Safety
Commissioner” and a statutory cause of action for serious invasions of
privacy, among others.[83], pp. 193-199] While these recommenda-
tions are significant, they were framed in the context of amendments to
existing legislation, namely privacy, consumer protection, and admin-
istrative decision legislation, rather than a sweeping reform of new
legislation to govern Al explicitly,[83, p. 80] in contrast to the draft EU
Al Act [57]. More recently, the Australian government has explored
reforms to Australia’s privacy law regime, where the proposed amend-
ments are aiming to bring Australia somewhat in line with the EU’s more
progressive requirements [79,84,85]. Importantly, with the advent of
generative Al generating public discussion, the Australian government
has moved to consider EU style ‘risk based” Al regulation, marking a
more comprehensive approach than previously demonstrated, though
this process is still in its consultative stages [86].

Directly relevant to the space industry, the Australian government
has recently agreed to consider using international space standards such
as those used by the European Space Agency and NASA for all
Commonwealth space procurements.[87, pp. 10, Rec. 15(3.146)] It has
also agreed to lead the implementation of the Guidelines for the Long-
Term Sustainability of Outer Space Activities,[87], pp. 15, Rec. 26
(5.66)] and which relevantly encourages the adoption of international
technical standards.[88], R. A.2(f)] The government has also agreed to
participate in international forums to develop norms of behaviour in
outer space.[87, pp. 15, Rec. 28(5.68)] These statements show that the
government is considering the need for safety and certainty in outer
space activities which could include Al development and procurement
procedures.
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3.4. The “Brussels Effect” — a path to consistent regulation

Several other countries, including the United Kingdom, Canada,
Japan, China, South Korea, and Singapore have also begun to introduce
measures to regulate Al systems, though their efforts vary in terms of
maturity[53], Sec. 2.2]. These frameworks do not typically match the
scope and scale of those in the EU or US, and there is no consistent “State
practice” between jurisdictions that could be considered opinio juris and
recognised as international law under the OST.[29], Art. III] This un-
derscores the need for regulatory convergence between jurisdictions to
avoid many fragmented approaches to Al regulation occurring that
would create a complex and inefficient regulatory environment for those
operating across multiple jurisdictions.

To this end, nations should seek to harmonise their regulation and
policies with existing regulatory initiatives such as the EU Al Act to
create an interoperable system of controls and redress schemes.[37, p.
101, [89], p. 239], [90], p. 5] It is imperative that in developing regu-
lations to govern space-based Al globally, non-western space actors
should be included in ongoing discussions to avoid a bifurcation of
regulatory policies that could enable harm or damage to individuals,
property, or the environment in the future. The importance of main-
taining a safe and conflict free space domain for economic, scientific,
and environmental purposes necessitates that all States (regardless of
technical capability or diplomatic position) be engaged to ensure they
are all working in concert to preserve the outer space environment for
the peaceful use of all humankind.[29, Art. I]

The EU Al Act has the potential to set a global standard for Al
regulation through a “Brussels Effect” similar to that associated with the
EU’s General Data Protection Regulation.[89, p. 142] [90], The “Brus-
sels Effect” describes a phenomenon where the EU (being based in
Brussels) acts as a source of global standards due to the substance and
enforcement of its regulations in ways that have effect beyond the ‘true’
EU jurisdiction. The EU has the capacity to act as a global regulator and
generate such an phenomenon related to Al regulation through its Al Act
as it fulfills the five necessary factors set out by Bradford: it has a suf-
ficiently large market size, it has a strong regulatory capacity, the Act is
setting out stringent regulations, the Act is targeting and inelastic
market, and the products in the market are likely to be non-divisible.[89,
Ch. 2, for more details] In short, the EU Al Act’s requirements may make
it more feasible for organisations to create a single EU-compliant system
for their products and services, rather than maintaining multiple stan-
dards within their organisation.[90, pp. 3-4] An existing example of the
“Brussels Effect” in action can be seen in the implementation of the
European General Data Protection Regulation [91], which has shaped
online data protection practices the world over.[89, Ch. 5]

The EU’s ability to negotiate and enforce complex regulatory regimes
also lends it credibility to become a leading actor in regulating Al for the
space sector.[49, pp. 134, 142], [89, p. 25] This is especially so given the
negotiation process involved in drafting the EU AI Act reflects the ideals
of consultation and consensus in international space law development
within the UN Committee on the Peaceful Uses of Outer Space (COP-
UO0S).[92], Para. 4]

The “Brussels Effect” and extraterritorial nature of the EU Al Act
make it applicable to space-based Al systems, which often operate across
multiple jurisdictions. For instance, EO systems usually image large
swathes of the planet, with orbital paths covering multiple geographic
regions and the legal jurisdictions within them. It is likely easier for
those using Al systems that process EO data to create a single system that
adheres to the strict requirements of the EU AI Act (as opposed to many
systems conforming to different regulatory frameworks), leading the EU
Al Act to potentially set the standard for space-Al systems globally.

The EU AI Act is more comprehensive and far-reaching than the
proposed US AAA or executive order and would be more likely to
become a quasi-standard due to its thoughtfully constructed nature.[69,
p. 5] While the US initiatives may not produce a comparable “Wash-
ington Effect”,[90, p. 5] the US economy and technological leadership

203

Acta Astronautica 217 (2024) 197-207

could still influence AI governance practices.[69, p. 5] An agreement
between the EU and US to cooperate on the development of a roadmap
for trustworthy AI and risk management, along with a lack of coordi-
nated regulatory strategy in the US, makes a bifurcation of regulatory
approaches between the two major western markets unlikely [93].

4. ‘Soft-law’ guidance

Soft-law instruments, such as guidelines, standards, and confidence-
building measures, can be useful in shaping a mature environment for
the regulation of space and Al activities in the absence of clear inter-
national and national law. The importance of soft law is emphasized in
the space industry where new binding multilateral instruments have not
been forthcoming since the Moon Agreement of 1979 [51]. The wide-
spread adoption of standards can therefore prompt harmonisation be-
tween jurisdictions, facilitate the negotiation of binding legal
documents, and potentially influence the development of customary
international law.[32, p. 17]

4.1. International guidelines and standards

Documents such as the Space Debris Mitigation Guidelines and the
Long-Term Sustainability Guidelines from COPUOS provide guidance for
responsible space activities, with a focus on safety and debris mitigation
[88,94]. The Guidelines for the Long-Term Sustainability of space ac-
tivities also encourage the use of international technical standards,
including those from the International Organization for Standardization
(ISO), in developing regulatory frameworks for outer space activities,
including for space Al systems.[88, R. A.2(f)]

International standards organisations such as the ISO and the Insti-
tute of Electrical and Electronics Engineers (IEEE) are creating level
playing fields between jurisdictions by developing and implementing
performance and safety standards and conformity assessments for
products and processes. These organisations are now focusing on Al
standardisation and have formed dedicated committees to produce Al
standards and assessment models. The ISO has formed a Subcommittee
on Al (SC42) to develop standards for technical aspects of Al develop-
ment and conformity assessments and is also publishing guidelines for AI
management systems [95]. The IEEE is creating Al standards on trust-
worthy Al ethics, bias, and system quality, including the Standard for
Transparency of Autonomous Systems [96]. International standards
could in future be used to determine fault and liability for damages in
the event of collisions under the Liability Convention [97], particularly
in the context of Al-enabled systems in space. A commitment to stan-
dards combined with a lack of compliance can indicate fault, as a State
that has voluntarily agreed to use the standard should be aware of the
risks associated with its planned space activities.[98], p. 297] The
development of specific Al standards for the space industry and the
incorporation of such standards by States as part of their national reg-
ulatory frameworks for space could also assist in resolving questions
about fault in relation to Al systems under Article III of the Liability
Convention for the same reasons.

Additionally, several international organisations have published
documents on responsible AI development. The United Nations Chief
Executives Board (UN CEB) has emphasized the importance of “ethical”
Al in its discourse [99], and UNESCO’s 193 member States have adopted
a global agreement on ethical AI development [100]. The Organisation
for Economic Co-operation and Development (OECD) has also endorsed
principles for robust, safe, fair, and trustworthy AI, which have been
adopted by 42 countries [101], and the World Economic Forum (WEF)
has released a white paper regarding public sector procurement of
trustworthy Al systems [102]. These initiatives reflect a shift in the way
Al development is discussed and may influence future regulation and
expectations within the industry.
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4.2. Industry initiatives

Private industry has also begun to recognise the need for extended Al
governance mechanisms to ensure their products and services will not
cause harm and can be trusted by the public. Private industry recognises
that issues of ‘responsible’ and ‘ethical’ Al are relevant to their activities
in developing and deploying Al systems, however only 16 % of organi-
sations have fully implemented mature governance and control mech-
anisms according to the Boston Consulting Group [103]. Numerous
guidelines, frameworks, and principles documents produced by
academia and private industry aim to increase this number by articu-
lating ‘ethical’, ‘responsible’, or ‘trustworthy” Al practices which can be
adopted by organisations working with Al across multiple sectors. Pri-
vate organisations such as the Wharton School, EY and the future soci-
ety, and IBM (among many others) are publishing their own frameworks
and assurance tools [53,104], though progress in some organisations
may have slowed in recent times as layoffs have swept through the Tech
industry and affected groups working in this area [105].

Responsible Al standards, maturity models, certifications, trust
marks and independent oversight are often proposed as tools in the Al
governance arsenal. These are often complimented by ideas for leader-
ship commitments to responsible Al development, ethics committees,
code of ethics, standardised reporting, and ethics training for those
developing Al systems. An increasingly popular tool in this area is the
‘Artificial Intelligence Impact Assessment’ (AIIA) given the emerging
prominence of risk-based regulation for Al systems. Such assessments
critically examine the consequences of the design, implementation, and
operation of Al systems on the organisation using the system, individuals
affected by the system and the wider community and environment.
AIIA’s can represent an important voluntary first step in reviewing the
design and governance of Al systems [106], especially in the absence of
regulation requiring other audit-style checks on Al systems, though
AllA-style compliance assessments (along with full audit, certification,
and accreditation programs) will likely become a compulsory part of
most mature regulatory regimes in the future [107,108].

While many such governance tools, guidelines, principles and as-
sessments are intended for widespread use, there has been opposition to
industry agnostic certification standards for AI, with industry arguing
that different sectors may have different needs for regulation.[83, p. 93],
[109], p. 1] This highlights the need to consider the unique physical,
technological, political, and economic factors at play within the space
sector that may influence the effective implementation of responsible Al
principles and governance mechanisms before importing them without
modification into the space domain. However, such a discussion requires
a more detailed analysis of responsible Al principles and governance
mechanisms than is possible within the scope of this paper [23].
Regardless, these initiatives represent an enthusiasm directly from in-
dustry to construct governance mechanisms and practices in a proactive
manner, rather than waiting for regulation to be put in place by gov-
ernments, and as such they tend to be at the forefront of the discourse
relating to Al governance and an important consideration when crafting
regulation which will affect AI development and adoption.

4.3. A bottom-up approach to the regulation of space-based Al

Due to the difficulty of negotiating new legally enforceable in-
struments at the international level, it is likely that the most effective
way to reach an agreement on the international level on the regulation
of Al in space will be through the use of guidelines and standards. This
process would begin with non-binding non-governmental guidance
documents (informed by existing and emerging industry initiatives),
before moving to enforce these documents through national regulation,
then finally negotiating binding international agreements, thus working
from the ‘bottom-up’ on a scale of substantive international commitment
and norm creation. Initial guiding documents could take the form of
“Guidelines for Automated Activities in Space”, akin to the Long-Term
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Sustainability Guidelines [88], and could lead to the development of more
substantive rules in the future.[22, p. 7] There is concern that
non-binding guidelines for regulating Al in space may not provide suf-
ficient protections and can be difficult to enforce.[49, p. 141], [110], p.
50] Therefore, it is preferable to transition to traditional, enforceable
legislative approaches to ensure safety and predictability in space op-
erations.[83, p. 88]

In addition to promoting such initiatives through traditional forums
such as COPUOS, a practical step towards enforceable regulation is
through the introduction of requirements to adhere to technical stan-
dards and guidelines under national laws. States should enforce “best
practices” such as explainability measures, model certification, docu-
mentation of training protocols, and other responsible AI governance
behaviours to reduce the potential for failures and incidents caused by
space-based Al systems. [111], [37, p. 10] Regulatory requirements
could include a requirement to submit an AIIA to demonstrate the
responsible and safe operation of Al systems incorporated into a payload
through the licensing process under national legislation. AIIA’s or other
certificates indicating compliance with standards are emerging as key
regulatory tools in the Al governance field [112]. Enforcing such regu-
latory requirements can help create a more certain regulatory environ-
ment for organisations operating across jurisdictions while enabling
States to exercise control over their national space sector in compliance
with their obligations under the OST and other treaties.[49, p. 143]

Enforcement of new regulations and standards could also happen by
proxy due to financial factors. Regardless of national regulation, insur-
ance companies may request potential customers submit detailed AIlAs
or compliance certificates to ensure that the risk in insuring them is low
enough to justify exposure to significant liability in the event of a claim.
This is especially so given the increasing risk of conjunction events in
orbit, and the difficulty of insurers in maintaining profitable business
models as space debris proliferates.[113], p. 25]

While this approach does not immediately resolve the aforemen-
tioned issues at the international law level, enforcing technical stan-
dards and guidelines can reduce the chances of poorly designed and
operated Al systems causing harm or damage in outer space. This could
act to alleviate strain on the international liability framework by giving
the international community time to propose, debate, negotiate, and
implement reforms to the existing liability framework. Further, as more
nations adopt similar regulatory practices, a form of international
custom may emerge,[114], Art. 38(1)(b)] enabling greater potential for
binding agreement at the international level, allowing for potential re-
forms to international law to gain momentum. This ‘bottom-up’
approach to regulating Al in space, which involves the negotiation of
non-binding guidance documents with the aim of harmonising ap-
proaches to Al regulation between jurisdictions and preventing frag-
mentation and disparity between different national legislative
frameworks, and implementing the negotiated guidelines through na-
tional legislation, is currently favoured by the international community.
This process can help create multilateral agreements to clarify the ob-
ligations of actors using increasingly complex and non-transparent
automated systems in outer space and promote adherence to the core
treaty framework and principles of the OST.[49, pp. 137, 140]

5. Conclusions

The development of Al systems for use in outer space will bring many
opportunities and applications both in situ and to benefit life on Earth.
However, as these technologies mature and demonstrate increasingly
complex capabilities, they will need to be monitored and regulated
appropriately to ensure they do not inadvertently cause harm to people,
property, and the environment. International and domestic law, along
with voluntary industry standards, will all play important roles in
regulating Al systems in the space industry across jurisdictions and use-
cases.

The international space law framework provides a system for
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allocating liability in the event of damage occurring but was not
designed to accommodate the advent of Al systems and their growing
role in space activities, creating ambiguities in the application of the
framework to Al systems. While multiple solutions have been put for-
ward to remedy the international regime, they are unlikely to progress
soon due to factors such as the lack of political willpower and require-
ment of consensus within COPUQOS. Because of this, answers should be
sought through the development of domestic level regulations.

Individual nations should implement Al regulation to govern the use
of such systems on Earth, taking guidance from jurisdictions with
advanced frameworks (namely the EU) to create a consistent set of rules
across jurisdictions. This will enable more certain and consistent busi-
ness practices for organisations involved in developing and using Al
systems across jurisdictions, such as those potentially used in the space
industry. Beyond this, countries should look to integrate elements of Al
policy, strategy, and regulation into their space industries by making
conformity with AI guidelines and technical standards a condition of
licensing under their national space legislation.

Ideally, a document containing guidelines for automated activities in
space should be negotiated between States which can clarify standards
and rules for the safe operation of Al in space, while also serving as a
multilateral touchstone for national regulation and the negotiation of
future binding international space instruments.

By utilising a ‘bottom-up’ approach to regulating space-based Al
systems, a scaffold of increasingly substantive and enforceable multi-
lateral documents can be negotiated and integrated into domestic reg-
ulatory frameworks, providing a clear path for international custom to
form and future binding multilateral agreements to be created. This
avoids wasting time and effort trying to immediately negotiate a binding
multilateral instrument and instead enables interim rules to be espoused
and integrated into activities throughout the space sector, minimising
potential harms and maximising the safe operation of space-based Al
systems.
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