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Abstract 

      Artificial intelligence (AI) is an emerging and impactful 

technology across different sectors. AI has been particularly 

significant for improving efficiency and accuracy in operations. 

One of the areas that AI has had a huge impact is in space 

exploration. However, the emergence of AI in space exploration 

has come with difficulties and challenges, particularly in 

assigning fault in situations where the use of AI systems cause 

harm. This paper examines the impact of the widespread AI 

usage in space exploration, analyzing the legal challenges that 

the use of autonomous AI technologies in space objects may 

entail, particularly in determination of liability.  
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 ملخص

تقنيددات الددذااص ااعددمناال مددن التقنيددات الناشدد ة  التعفالددة عددل مقت ددن القمااددات.  قددد اددان ليددا  تُعددد
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اسدتقدام تقنيدات الدذااص ااعدمناال الذاتيدة عدل  عل مجدال التضداص،  تح يدل التحدديات القان نيدة الناتجدة ادن
 الأجسام التضا ية، ا سيما عل ما يتع ل بتحديد المسلا لية.

لددددذااص ااعددددمناال، استاشددددان التضدددداص، المسددددلا لية، التحددددديات القان نيددددة، الددددذااص الكمماااالمفالميّل: ااااا  فا
 .ااعمناال الذاتل

 
Introduction  

The past few years have seen two notable, related trends in the tech field. 

The first is the acceleration in terms of exploration of space. There have been 

notable steps taken, supported by technological improvements, to show the world 

what is out there in the universe. In 2022, for instance, the National Aeronautics 

and Space Administration‘s (NASA) James Webb Telescope released its first 

images of thousands of distant stars, planets and galaxies, including images of the 

farthest galaxy ever detected
1
. This is just an example of several excursions and 

steps taken when it comes to the exploration of space. The space sector has 

expanded, driven largely by commercialization and investments in both launch 

technologies and satellite services. Companies like Space X have invested heavily 

in space exploration and in initiatives that will enable further exploration. For 

context, according to the Dow Chemicals company, 2023 alone saw up to $7 

billion spent on launch services for up to 2300 satellite services
2
. In total, the 

spending on satellite builds reached up to $15.8 billion
3
. Improvements in 

technology have seen satellites improve, reducing in size and improving in levels 

of efficiency. The bulk of these are focused on communication, but there are 

satellites that are focused on cargo and reconnaissance. These changes and trends 

in both satellite technologies and space exploration have seen international and 

commercial tensions rise.  

Space exploration has become one of the biggest areas of international and 

commercial competition. Countries like the United States and companies like 

Space X face immense competition in their quest for space exploration and push 

for spacecraft and colonization
4
. This is why the second trend is also important, 

the influence of new age technologies in space exploration. With technologies 

rapidly growing, the world has entered what is being referred to as the 4
th
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industrial revolution. The 4
th
 industrial revolution is characterized by the fusion 

and combination of technologies that transcend the biological, physical and 

technological spheres of influence. The disruptive effects of these technologies 

have been found to have the capacity to improve the quality of life across the 

world
5
. One of the areas where there is potential for such improvements and 

changes is the field of space exploration. The potential for AI use in space 

exploration and missions has grown over the past few decades. 

The emergence of AI technologies and capabilities in the sphere of space 

exploration has promoted space exploration through AI-powered and equipped 

space objects. Theoretically, the modern-AI, both as it is now, and its promise 

into the future, offer convenient solutions to some of the biggest problems that 

have always been faced in space exploration. First, AI has the potential to 

redefine human roles in space exploration. Today, spaceflight still relies on 

astronaut skills and teamwork. However, AI has the capacity to replace many of 

these human capabilities, and could potentially either replace or significantly 

reduce human reliance
6
. This is especially the case given the stakes that are 

involved in space travel. Decisions in space can quickly escalate or regenerate 

into situations that are safety-critical. Incidences in the past few months and years 

point to this truth. For instance, it is only recently that astronauts Suni Williams 

and Butch Wilmore had to extend their stay in space to almost 9 months, a stay 

that was supposed to be much shorter. NASA had initially decided that flying the 

astronauts home aboard their Boeing Starliner capsule would be too risky, with 

NASA instead deciding to have the crew join the international space station
7
. 

Such situations raise the stakes for the potential use of AI going into the future. 

AI also has potential for improvements in training of astronauts. AI offers a 

transformative role in the training process, offering such technologies as augmented 

and virtual reality. AI models provide realistic simulations that help astronauts train 

in environments that closely mimic the space environment. AI-related technologies 

like digital twins also offer virtual representations of mission environments that 

help in planning, maintenance and management of risks
8
. Granted, humans have 

become indispensable for some tasks in space exploration that are beyond the reach 
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of technology. However, the pace at which AI technologies are improving is so fast 

that there is a possibility of it advancing to overshadow humans in many areas. This 

is especially the case given how costly and risky it might be to maintain human 

health and safety in space travel and exploration.  

 

Study Justification 

The use of AI, with all the promise it brings in enhancing space missions, 

does not come without potential challenges. The large number of possibilities and 

the challenges that arise when it comes to the use of AI in space exploration make 

this topic important to study. Some of the biggest issues that arise here include 

legal challenges, particularly those involving liability assignment. The increasing 

role of AI in space missions has not yet been fully examined by international law. 

AI systems that work independently in space by controlling satellites, maintaining 

them and analyzing a lot of information are now facing problems with the existing 

laws developed during an earlier time.
9
 It is also important to consider the novelty 

of these issues. First, AI is a unique technology in that it is often associated with 

predictability, opacity and autonomy. Despite these advantages, AI offers 

unprecedented challenges with accidents and issues that might arise from biased 

input and AI systems that might not necessarily be up to task. This raises the 

second novelty issue here
10

. One of the reasons why AI might offer legal 

challenges as a result of novelty is the uniqueness of outer space. The intersection 

of these to challenges, in a world where international and commercial competition 

is tight, makes it particularly important to study the legal challenges associated 

with the use of AI in outer space. In particular, the problem is liability is likely to 

become a big issue. When damage is done by autonomous or semi-autonomous 

systems, liability can be difficult to prove, especially given that such actions can 

be difficult to predict or prevent by the developers themselves. However, given 

the stakes that are involved in space exploration, particularly with the intense 

international and commercial competition, this is a too a big a problem to brush 

aside, legally or otherwise. The topic of AI use in space missions was selected to 

investigate the challenges and unclear laws related to issues of liability in 

autonomous AI particularly in space operations. There is an increasing concern 
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about if existing space treaties such as the Liability Convention and the Outer 

Space Treaty, can handle the new challenges from AI-assisted missions. As AI 

plays an important role in exploration, research should be done to evaluate if the 

existing laws can adapt as quickly as technology changes. 

 
Importance of the Study 

The study adds to efforts around the world to update space law by 

considering the role of AI in space activities. It outlines the current challenges and 

recommendations for policymakers, legal scholars, and space agencies on the 

legal problems caused by autonomous systems in space. 

 
Research Issue 

The fast growth of AI in space has left international laws behind, so it is now 

unclear who is responsible, how data privacy is protected and who owns AI-

generated intellectual property. The Liability Convention and other space law 

treaties, have not taken into full consideration the challenges that emanate from 

the use of autonomous systems. This research investigates whether it is necessary 

to modify laws that control AI in space exploration so as to guarantee its 

responsible and ethical use by every party involved. 

 
Research Objectives 

1. To examine the international laws with regards to liability in space and 

determine their applicability to autonomous AI systems. 

2. To examine the challenges of deciding who is responsible for decisions 

made by AI in outer space missions. 

3. To offer suggestions for a global legal framework that establishes rules for 

liability in artificial intelligence for use in space. 

 
Research Methodology 

This study used a qualitative research design as it enabled in-depth 

exploration of complex legal issues which cannot be quantified or experimentally 
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tested. Primary sources used included international treaties, legal instruments, and 

relevant soft law documents governing outer space and digital technologies. 

Secondary sources that were used included; academic articles, as well as legal 

commentaries and publications from organizations such as the United Nations 

Office for Outer Space Affairs (UNOOSA) and the European Space Agency 

(ESA). Three important topics were investigated in this research: (1) liability for 

any damage caused by AI, (2) protecting data and privacy rights and (3) 

intellectual property rights to AI-produced outcomes in outer space. This 

methodology makes it possible to understand the changing rules by studying 

expert views, current laws and policy materials, but case law involving space and 

AI is not available to support its findings. 

 
Results 

 The results focus on addressing the research objectives/research questions of 

this research. More importantly, each of the headings and subheading in this 

section focuses on addressing the specific research objectives that were to be met 

in this study as follows;  

Objective 1: To examine the international laws with regards to liability in 

space and determine their applicability to autonomous AI systems. 

AI use in Space 

The past few years have seen an exponential growth in the use of AI in 

space. A wide range of AI functionalities have emerged in the space realm. For 

instance, AI is now being used in satellite systems that enable them to avoid 

collisions, as well as in systems that can help humans find and remove space 

junk
11

. For instance, the space mission ClearSpace-1 of the European Space 

Agency has famously incorporates AI systems as the first debris removal mission 

from startup. Clearspace-1 will rendezvous, capture and return with debris from 

space for re-entry, particularly focusing on the upper part of a Vega Secondary 

Payload Adapter (VESPA) that was used with the Vega launcher. This is an 

object that was initially left in gradual disposal orbit in compliance with space 

debris mitigation regulations in 2013
12

. Some of the AI-enabled capabilities on 
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this mission include advance guidance systems, navigation and control systems 

and vision-based AI systems which would allow the satellite to safely close on the 

target on an autonomous basis and then use robotic arms to achieve capture. As 

technology evolves and need increase on the earth‘s surface, new space-based AI 

technologies are emerging.  

Another new class of AI technologies include the space-based services, like 

the global navigation satellite systems. These are satellite systems that provide 

signals which support the functioning of self-driving cars, emergency response 

services, drones, maritime and agricultural services
13

. Furthermore, AI is now 

being used to evaluate satellite data in ways that then offer valuable insights. AI is 

already being used to control mega-constellations, and to evaluate and review the 

data that is collected by such satellites. Mega-constellations are large satellite 

constellations that gather and disseminate data in autonomous ways
14

. This has 

further raised the stakes in AI use, with AI now having the capability of changing 

the way satellites are manufactured, and therefore how the data is generated from 

their space objects. In the manufacturing phase, AI can be used to perform various 

repetitive tasks without human intervention. These could include the cleaning and 

updating of the health status of the different components
15

. When they are 

eventually launched into space, AI systems can be used to gather more accurate 

space data, while reducing the overall costs involved in the gathering of data. 

Apart from the fully autonomous systems, AI is also now being used to 

provide assistance to humans that are exploring space. While explaining how space 

travel affects humans, suggestions are that there are some tasks, at least at the 

moment, that humans are indispensable for
16

. However, AI offers important 

assistance to these astronauts. For instance, there is a new generation of autonomous 

astronaut assistants, for example the Crew Interactive Mobile Companion (CIMON). 

This is a system that enables voice-controlled access to media and documents, 

navigating the astronauts through repair and operational processes. These systems are 

now also being used in planetary exploration processes, especially in conditions that 

might be too dangerous or prohibitive for humans
17

. The possibilities for use of AI in 

space are huge and constantly expanding. However, this unfortunately also raises 
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important issues, especially with regard to the law and liability issues. The biggest 

issues here include space law problems and contradictions, the liability laws and 

norms to be followed, and the overall procedures that might be followed in case 

damages occur, either in outer space or down on earth
18

. All this is happening in an 

environment where the current pillars and the legal framework that governs space 

travel, including the international treaties, continue to fall short and lag behind in 

dealing with the challenges that AI poses
19

. In order to understand the current legal 

framework and find the gaps in dealing with liability with respect to the use of AI in 

space, one must first outline the actual pillars of space law. 

Space Law and Liability Issues with AI in Space  

The branch of law that deals with activities in outer space is aptly named 

space law. The bulk of these laws were or are based on treaties that were signed in 

the 1960s and 1970s
20

. Granted, this was a period when there was increased 

movement in the exploration of space, at least in comparison to the years before 

then. This advancement was also supported by the significant growth in 

computational power and technologies. However, compared to what is available 

today, the change is huge. For context, the technologies that were used to power the 

systems that conducted missions in 1969 can be compared to what was in an iPhone 

5 more than a decades ago
21

. The main pillar of international space law is the 

international space treaty of 1967
22

. Under this treaty, three specific arguments or 

statements specify the provisions of the outer space treaty under the United Nations. 

The first is the statement that focuses on the rescue of astronauts from 1968 and 

agreements on their return to earth, together with the return or objects that are 

launched into outer space. The second is based on the outcomes of the liability 

convention of 1972 which deals with damage caused by space objects. The third is 

the registration convention of 1976, which focuses on the registration of objects that 

are launched into outer space
23

. Furthermore, countries have also developed their 

own internal and regulatory frameworks for space-related activities. For instance, in 

Luxembourg, the country approved its own laws for the exploration of space and 

the use of space resources in 2017. The laws in countries like Germany are even 

more relevant to the subject matter at hand. Germany‘s law protects against security 
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risks that arise from the dissemination of high-grade earth and remote-sensing data, 

and was passed on 2007
24

. The 1967 treaty was passed under the UN, which was 

then followed by different countries each coming up with their own laws and 

regulations
25

. The architecture of the laws governing space can be summed up as 

being state-centric laws that are built around the principles of sovereignty and the 

UN legal framework. 

An evaluation of these three arguments within the context of the circumstances 

in which the 1967 international space treaty was signed, as well as the national 

laws and their effects, reveal weaknesses that have been exacerbated by the 

growing trend of AI use in artificial intelligence. That the architecture of the laws 

was designed as it is, is understandable given the fact that these laws were passed 

in 1967 when states had a dominance of space activities, and the principles of law 

were largely based on sovereignty
26

. However, things have changed in ways that 

raise two important issues, particularly when it comes to the use of AI in space 

exploration and arising matters of liability. The first issue when it comes to liability 

and AI use in space is the clash between national and international law. According 

to article VI of the Outer Space Treaty, states are responsible for national activities 

in outer space. Article VII on the other hand, establishes the international liability of 

the states that launch, or states that procure the launching of objects in outer space 

and the damages that might result from such launch to other states and their legal 

and natural persons. The liability mentioned here is either absolute or based on 

fault. Even though the convention provides a formal process for the resolution of 

these disputes, it can be difficult to determine whether a state has incurred fault or 

whether the damages covered include indirect damages. The concept of indirect 

damages in this context refers to the situation where space accidents could trigger a 

chain of events that cause long-term indirect outcomes such as the loss of revenues 

as a consequence of interruptions of business operations, loss of profits, or loss of 

services.
27

 The compensation of these indirect damages remains a challenge 

because different countries hold varied perspectives on how they should be 

approached. Rulings that happen in the international court of justice and the fault 

standards that are set by the Corfu Channel case leave several open problems with 



Alblooshi & Farooqui ............................................................................................................. Artificial Intelligence 
 

 

Political Science & Law Series                                                                                    (486) 

 

respect to liability
28

. The general problem is that the international space law‘s 

liability convention provides a mechanism for compensation for the injured state. 

To do this, the convention requires that there be proof of state fault for the 

liability to arise. However, it does not define this liability, or even establish a 

standard of care for which this liability can be defined. In fact, this is the only 

fault-based liability regime in international law. with AI now seemingly a 

mainstay in space exploration, the effects of such ambiguities become even more 

serious when it comes to matters of liability in a state-based legal system. 

AI legal regulation can be divided into two categories – the traditional UN 

legal documents that regulate responsibility for wrongful acts and special legal 

documents that specifically regulate question arising under space law. Notably, 

none of these legal documents enshrines separate provisions on AI employment in 

space and what is the role of human inputs while determining the scope of 

liability for caused damage. Liability involves three key aspects: an accident, the 

person or thing that is damaged because of it, and the clear link between the two, 

and it is typically connected to an operator in charge.
29

 Therefore, the most 

problematic issue that has not yet been resolved is the liability for caused 

damages that may occur as a result of autonomous AI activities in space. 

Moreover, in other industries where AI is also successfully applied, such as self-

driving cars industry, many incidents have already occurred.
30

 Importantly, 

Article 1 of the Liability Convention interprets the concept of a space object as an 

object that includes component parts of a space object, as wells as its launch 

vehicle and parts thereof.
31

 Thus, the term is not limited to one particular notion, 

and ―space object‖ includes human-made objects physically brought into outer 

space and their AI-equipped parts that enable the autonomy of space objects, 

forming indispensable technical features. Still, even when AI-equipped space 

objects fall within the meaning of basic term of ‗space object‘, it is necessary to 

resolve the liability problem of autonomous space objects. The liability problem 

of autonomous space objects refers to the potential compensation that launching 

countries are expected to pay for the damage emanating from its space objects on 

the surface of the earth or to aircraft.
32

 The liability of autonomous objects are 

mainly linked to the launching country‘s faults in space. Thus, while launching 
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autonomous objects, it is fundamental for countries to recognize potential faults 

and liabilities that they are exposed to.  

The Liability Convention indicates the grounds and list of agents to whom 

wrongdoings are attributable. In this regard it is worth noting that Article 2 of the 

Liability Convention indicates that ―A launching State shall be absolute liable to 

pay compensation for damage caused by its space object on the surface of the 

earth or to aircraft in the sky‖
33

 Article 1(a) interprets ―damage‖ as ―loss of life, 

personal injury or other impairment of health; or loss of or damage to property  

of States or of persons, natural or juridical, or property of international 

intergovernmental organizations.‖
34

 The language of the Liability Convention 

distinguishes ―liability‖ and ―responsibility‖ concepts even though they are 

interrelated in some manner. When the question arises regarding consequences for 

caused damages resulting from space-related activities, it applies to the notion of 

―liability‖. In other words, this term refers to already-occurred adverse results, and 

the guilty state should pay compensation for committed wrongdoings in outer 

space. With regards to ―responsibility,‖ it refers to obligations imposed on people 

and institutions who are supposed to perform certain activities. For instance, the 

duty of due diligence requires the launching state to act reasonably and prevent all 

possible negative consequences (act with duty of care). Still, this Article does not 

address the matter of responsibility for damages caused by AI systems integrated in 

space objects while being engaged in space mission operations. 

Another unsettled issue is the concept of ‗fault‘ in terms of liability for 

caused damages in result of AI activities, such as damages caused to property, 

assets, or people. Under international space law, the notion of ―fault‖ means any 

failure of a launching state to act in appropriate manner and to use due care in a 

particular situation.
35

 According to the Outer Space Treaty and Liability 

Convention that contains provisions on responsibility issues in space, the concept 

of ―fault‖ applies only to the fault of state or fault of persons.
36

 Fault mainly 

focuses on the actions of the launching state that result into damage or loss 

against other states in the outer space. However, there is some lack of clarity 
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concerning the whole issue of fault, as it is not directly defined in the Liability 

Convention 1972. The meaning here is that it may be difficult to substantially 

directly reference a fault emanating from the launching state and the damages that 

are supposed to be paid. States may find themselves in situations where they are 

not able to claim fault damages because of the lack of clarity in fault liability by 

launching states.
37

 Therefore, whereas the attribution of committed wrongdoings 

in space to a state or person is apparent, the attribution of actions to autonomous 

space objects is not obvious. Compared to human supervision, where a particular 

person is responsible for making decisions, AI systems are operated with 

autonomous decision-making that causes significant uncertainty with the issue of 

attribution for committed wrongdoings.
38

 For example, a satellite with an AI 

collision-avoidance system may autonomously modify its orbit to prevent a 

perceived threat, but in doing so, accidentally hits with another state‘s satellite, 

causing extensive damage. With no human intervention involved in the decision, 

determining who or what is legally responsible becomes a challenge. Thus, now it 

is rather difficult to imagine how it would be possible to apply the notion of 

―fault‖ to an autonomous space object that made a wrongful decision.  

Accordingly, in today‘s space realm, it is becoming increasingly relevant to 

settle the question of the legal personality of intelligent space objects and the 

scope of responsibility when automatic intelligent systems make decisions 

without human supervision and input. In the process of negotiations on granting 

legal personality to AI, the European Commission took a straightforward position 

that there is currently no need to give a legal personality to emerging digital 

technologies, such as AI.
39

 It means that space objects cannot be liable for making 

autonomous decisions in the course of space-related missions, and the notion of 

―fault‖ is not attributable to AI-equipped space objects in their direct meaning. 

The discussions of whether it is appropriate to grant a legal personality status to 

AI-equipped autonomous space objects raises reasonable concerns among space 

scholars due to the unpredictability it may entail for law enforcement and its 

consequences. 
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Objective 2: To examine the challenges of deciding who is responsible for 

decisions made by AI in outer space missions. 

  The difficulties in defining fault in international law are exacerbated by the 

use of AI, especially when it is as widespread and likely to continue as it is in the 

space sector. First, given that the development of AI cannot typically anticipate 

the resultant problems or situations that AI will solve, establishing what 

constitutes fault is difficult
40

. The ideal situation where fault would be easy to 

establish would involve individuals using AI systems to cause harm deliberately. 

However, proving fault is difficult for situation where there is unintended harm. 

AI systems are generally unpredictable, and the lack of control that users might 

have of the directions they take means that these AI systems pose unique 

problems in a fault-based regime. One of the examples of fault on the side of the 

users is the failure to maintain the automated system or oversee the functioning. It 

is important to note, though, that defining fault like this starts from the premise 

that AI is primarily a tool
41

. However, if AI is to be seen as an autonomous 

decision-making system, then simply putting it in operation cannot be seen as a 

negligent step if the system then causes harm. Operationally, especially in the 

space sector, it is rarely ever the case that astronauts completely hand over control 

to the AI systems. Instead, most AI systems are decision-assistance systems, 

which are designed to offer support and recommendations to human decision 

system. For instance, the AI system CIMON enables decision support through 

voice-controlled access to media and documents, while helping navigate the 

astronauts through repair and operational process. If an astronaut were to rely on 

recommendations from the AI system to make a decision, which then leads to 

harm, it is difficult to consider them negligent. Finding the individuals at fault 

essentially disconnects accountability from the locus of control, which is unfair
42

. 

These problems with liability raise issues when it comes to the division of 

responsibility between manufacturers and users, which then leads the discussion 

to the second issue, which is the emergence of privatization. 

There has been a rapid growth in democratization of outer space. This has 

come as a result of a dramatic reduction of costs and access to the materials and 
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technologies that are used to develop spacecraft and go for space missions
43

. As a 

result, there has been an incredible push by the private sector into the space 

environment. The bulk of activity in the space sector has always been driven by the 

private sector. For context, in the 2010s, up to 70% of space activity was driven by 

the private sector
44

. Reports by the UN predict that the space business is likely to 

generate trillions of dollars by 2040. The critical role of private sector players has 

been described as the new space
45

. These growing trends in the participation of the 

public sector in space further reveals weaknesses in liability law, especially when it 

comes to the use of AI. These state-centric laws make it difficult to navigate matters 

of liability where these private entities are involved. First, in a state centric system, 

one of the first issues to establish is the jurisdiction. Given the democratization of 

technology and the growing dominance of the private sector, it is likely that 

different facets of the AI technology could be developed in different countries. 

Furthermore, where a private company is incorporated in one country and launches 

in another country, then uses technologies that are developed in different countries, 

the determination of fault could be difficult. 

The emergence of the private sector also adds to the division of responsibility 

problem when it comes to liability and AI use in space. The division of 

responsibility between AI manufacturers and users creates problems when it comes 

to the establishment of liability. When looking to establish harm, it might be unclear 

if the harm is the result of a product defect, or the harm is the result of improper use 

and can at least be partially attributed to the system. The fact that these AI systems 

are autonomous seems to shift responsibility towards the manufacturer side
46

. The 

question that arises, though, is where the line can be drawn for the autonomous 

systems. For instance, one of the difficult legal issues that might arise is the 

question of whether any and all harmful actions are the responsibility and fault of 

the manufacturer, or whether there is a general acceptance that these autonomous 

systems will, even with the best efforts of the manufacturer, cause harm from time 

to time. The developers of the AI that is used in space could argue that it was made 

without any defects that could cause faults while the users could also argue that 

they followed the user manuals in the use of AI in space. This could make it more 
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challenging to determine the exact person to pay for the damages resulting from 

negative outcomes of the application of AI. The damage caused by non-human 

factors is also difficult to determine, especially because the AI could malfunction 

without interference.
47

 With such ambiguity in the law, the allocation of liability 

to the developers and users of AI becomes a challenge. Further, problems might 

arise when dividing responsibility among the manufacturers and other 

stakeholders that might be involved in the functionality of the product
48

. The 

work of an AI system requires the complex computational elements, and the data 

models on which it is built. This means that if the responsibility for the harm were 

to fall on the manufacturer, then at the very least some of the blame should fall on 

the data providers. 

To take things a step further, the establishment of causality could be challenging, 

and for two reasons. First, in a world where there is a lot of competition and a 

lucrative industry, most of these AI systems are opaque. Without the proper 

understanding of how input might lead to output, injured parties might not even in 

the first place realize that they have been harmed as a result of the AI systems that 

were used
49

. Secondly, there is the question of what level of safety is expected 

from AI systems that are supposed to either make decisions or offer decision 

support. Without clarity on what constitutes the standard of care, then it might be 

difficult to determine what exactly constitutes a defect that would then start off the 

process of establishing liability and pinning it on the producers or manufacturers of 

the AI systems
50

. Finally, as the AI systems become autonomous, it becomes even 

more difficult to draw a line back to any human actors and decisions, and as a result 

attribute any responsibility to any particular actor. This autonomy that is being 

celebrated as a step in the right direction given the risks and rangers of space 

exploration shifts control away from users, and in some cases even from the 

manufacturers themselves. Furthermore, it is also important to note that the operation 

of an AI system is not necessarily predictable in the same way the classic engineering 

systems would be. The implication here is that manufacturers often cannot see the full 

picture of how AI systems can act or make decisions once they are placed in the 

market. Consequently, it might be impossible to hold these manufacturers 
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responsible for the AI and how they cause harm
51

. The flip side is that as they 

become more autonomous, users become less able to control their operations. The 

overall effect is an inherent difficulty in establishing liability, particularly in a 

legal regime that is fault based.  

Objective 3: To offer suggestions for a global legal framework that establishes 

rules for liability in artificial intelligence for use in space. 

 The answer to this objective is anchored on the following notable 

recommendations;  

 It is recommended that the aspects of strict liability and fault-based liability 

be developed further to capture the emerging applicability of AI in space 

missions. Currently, strict liability and fault-based liability in the Liability 

Convention explains the extent to which states are liable for damages caused 

by space objects on the surface of the earth or damage occurring in space. 

However, the Liability Convention needs to be developed further by 

countries to recognize AI and the parties that will be strictly liable or liable 

by fault. In this case, both developers of AI and the user of AI in space 

missions will understand their levels of responsibility and the liability that 

they are bound to bear. Consequently, there will be less confusion on who is 

supposed to be held liability under strict liability or fault-based liability in 

cases of damages.  

 Additionally, it is recommended that the international community should 

work on a unified AI framework for its applicability in space to create a safe 

space for space exploration. To avoid increased incidences of liability for 

different member states, it is fundamental that all countries work on a 

collaborative framework that recognizes the extent of AI application and the 

quality of AI technologies that should be applied to space objects. Using a 

unified approach will help reduce cases of both direct and indirect damages 

and claims of liability across countries worldwide.  

 More so, there needs to be development of the ways of how and the extent to 

which both producers of AI technologies for space missions and users of AI 

for space missions are held accountable for their actions. At the bare 
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minimum, liability rules have to be able to induce both the manufacturers or 

developers and the users to take required care in the design, testing and 

employment of these AI systems in space exploration. This will play a vital 

role in reducing cases of negligence and ensuring that everyone is highly 

responsible for their actions while using AI.  

 Finally, education and retraining on the rules related to AI use in space 

missions has to be an ongoing process across all countries. Given the speed 

at which AI is evolving, there needs to be frequent training especially for 

space missions to lessen the potential liability arising from damages. While 

mistakes may be made in the initial phases of using AI in space missions, 

frequent trainings will help mitigate potential faults and reduce liability 

claims in the future.  

 
Discussion  

  Due to the issue of legal personality of AI-equipped autonomous space 

objects, this paper recommends that national states should continue to bear 

liability for space activities involving AI technologies, regardless of the level of 

autonomy exhibited by the space object. Moreover, private organizations should 

be allowed to engage in space missions only under state authorization and 

continuous oversight. Where a corporation or joint venture is launching an AI-

enabled object, it should be liable for any damages suffered, in accordance with 

the liability of the state overseeing the operation. This recommendation aligns 

with the Liability Convention, which holds launching states liable for damage 

caused by their space objects on Earth, in airspace, or in outer space, irrespective 

of whether the activity was carried out by a government body or a private 

organization under its jurisdiction.
52

 This would ensure that both private 

companies and states are held responsible in case of damages caused by AI-

enabled systems in space. 

  This paper recommends that new international regulations governing AI use 

in the space industry include specific provisions to address the complex issue of 

intellectual property (IP) protection for AI-generated innovations. Given the legal 
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uncertainty around patent eligibility for AI-created inventions and the limitations 

of trade secret protection, it is crucial to develop a harmonized legal framework 

that recognizes AI‘s role in the inventive process. This framework should clearly 

define ownership rights for AI-generated outputs and establish criteria for 

patentability that accommodate non-human inventors. To ensure global coherence, 

cooperation is required between international organizations such as the World 

Intellectual Property Organization (WIPO), the United Nations Committee on the 

Peaceful Uses of Outer Space (COPUOS), and the International Telecommunication 

Union (ITU). These bodies should collaborate to create binding guidelines and 

model laws that member states can adopt, thereby safeguarding AI-driven 

innovation in space while promoting legal certainty and cross-border enforcement 

of IP rights. 

  Even though there is no internationally unified regulation on AI regime in 

space yet, future legislation should primarily be based on general international law 

principles applicable to outer space activities. It means that space exploration with 

AI space-related techniques must be performed in the interests of all states and 

realized peacefully, and space activities must be carried out in compliance with 

international law promoting international cooperation and mutual assistance.
53

 As 

stated in the Outer Space Treaty, ―the exploration and use of outer space... shall be 

carried out for the benefit and in the interests of all countries‖ and ―shall be the 

province of all mankind,‖ while ―States Parties... shall carry on activities in the 

exploration and use of outer space... in accordance with international law... in the 

interest of maintaining international peace and security‖ (Articles I and III), and 

―not place in orbit any objects carrying nuclear weapons or any other kinds of 

weapons of mass destruction‖ (Article IV).
54

 Therefore, any future regulatory 

framework for AI in outer space must be grounded in these long-standing principles 

of peaceful use, benefit-sharing, and international cooperation.  

  To ensure the safe and responsible future of space exploration, the 

international community must urgently collaborate to create unified legal standards 

for AI in space. As intelligent technologies evolve beyond current frameworks, 

proactive and cooperative regulation is essential. Only through global commitment 

can AI-driven space activities remain transparent, accountable, and beneficial to 
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all humankind—aligning innovation with shared ethical and legal values that 

secure the future of space for generations to come. 

There has to be decisions made on the appropriateness of strict versus fault-

based liability. Several relevant points have to be taken into account when making 

this decision. First, there have to be consideration of the balance between costs and 

incentives for the provision of information for the victim. Under the fault-based 

system, the owner of the AI system would be held liable if they failed to take safety 

precautions that are demanded by a certain standard of care. The owner is therefore 

encouraged to take action if the courts and lawmakers determine this standard of 

care. If the bar is either set too high or too low, then the owner of the system is 

incentivized to take reduced levels of care and precautions. Given the mention 

circumstances surrounding the use, understanding and control of these systems once 

they have been deployed for use in space, the situation could very well force the 

manufacturers and owners to tend towards a tradeoff between the safety of AI and 

its levels of sophistication
55

. The flip side when it comes to strict liability, on the 

other hand, is that the lawmaker does not necessarily require information on what is 

regarded as the optimal level of precaution. Strict liability rules require the owners 

to take the optimal levels of precaution as it then shifts all the responsibility and 

costs towards them. However, in a perfect situation, a strict liability rule has the 

owner and manufacturer bearing all the costs, failing to then have the users take 

appropriate care, even in situations where they, too, could be partly responsible for 

an accident
56

. For the future of liability to be determined as AI continues to become 

a mainstay in the space exploration sector, then this double moral hazard problem 

has to be solved. 

The balance between restrictions in the levels of activity and sophistication and 

innovation should also be observed. It is impossible to ignore the fact that 

commercialization drives much of the innovation today, even in the space 

exploration field that has for a long time been dominated by nation-states. When 

looking for the perfect middle ground for liability law, there has to be a 

consideration of how these las might either incentivize or disincentivize innovation, 

given that a lot of the actions and steps that are being taken in outer space have 
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been proven important to the daily lives of the average citizen
57

. The strict 

liability rule shifts all the weight and responsibility to the manufacturer or owner 

of these systems that use AI in space, pushing them to observe the optimal levels 

of care that are possible, as they pursue the optimal levels of activity and 

innovation that they can. However, the use of AI, even in space, has been noted to 

be inherently risky, as AI and autonomous systems cannot always be controlled or 

their outcomes predicted
58

. In such a situation where an event can be harmful 

even with the best of precautions, the typical reaction often is to stop the 

manufacturers from engaging in the said activity completely. This would 

especially be ideal given that the harmful effects of AI use in space have rea-life 

consequences even for individuals on the earth‘s surface. This could be why many 

jurisdictions have the strict liability rules for driving cars. Fault-based regimes do 

not have this, as the manufacturer and owner, as the injuring party here, could 

avoid paying costs of their activity if they can prove that they took the required 

amounts of care. The problem here is that the potential wrongdoer might end up 

becoming too careful. The activities of those that develop these AI systems for 

space benefit the whole of society. However, not all the benefit that society gets 

trickle down to them, given the levels of risk that they take. This might lead to 

them being too careful, and operating below the optimum levels of activity or 

efficiency. This is a negative outcome because of the clear benefits of AI use in 

space, as well as the potential that AI use in space could have for other industries 

and sectors. In the end, the approach to liability should be one that does not stifle 

innovation in this sector, but also pushes the organizations towards risk-mitigating 

technologies and stop-gaps. 

The development of AI systems, for space exploration or otherwise, is often 

an endeavor that requires multiple individuals or parties involved in the actual 

manufacture. The implication here is that multiple parties affect the risk of harm, 

and therefore liability laws and approaches should consider this. Ideally, the least-

cost avoider should be the one that should be targeted by the liability rule
59

. This 

is the individual or party that can minimize harm at the lowest costs to them. The 

question of damage could be provable in a court. However, the question of who 
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should bear the costs of the damage should also be adjudicated. As a result, it is 

important to understand how the actions of various parties would result in failures. 

The laws have to differentiate between situations where care is complementary, such 

that all the parties have to take care, and situations where the care by one party is 

perfect substitute of the care that would be provided by another party. 

Finally, there has to be ways to decide how, to what extent and when to hold 

both the producers of the AI technologies and the users responsible for the harm that 

results from their overall actions. At the bare minimum, liability rules have to be able 

to induce both the manufacturers or developers and the users to take required care in 

the design, testing and employment of these AI systems in space exploration. 

 

 

Conclusion 

The development of AI technologies has improved possibilities in space 

exploration and travel. There are multiple advantages of AI use in space missions, 

especially given the stakes involved. AI has the potential for reducing mistakes 

and missteps in the space missions, including unanticipated issues that might 

result in astronauts getting stuck in space or in disastrous outcomes. AI can also 

be useful in manufacturing and training processes, simulating the environments 

that resemble the space environment and improving manufacturing outcomes. 

Overall, AI technologies have made the whole ecosystem of space missions 

faster, more efficient and cheaper. However, the use of AI raises legal issues, 

particularly the problem of liability assignment. The current legal framework is 

not adequate to deal with the issues that the continued use of AI raises. Going 

forward, a balance has to be struck to come up with a liability regime that deals 

with the new liability and fault challenges that are raised by AI. 
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