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Abstract 

This study examines the transformative role of artificial intelligence (AI) in modern military and space 

domains. It reviews how AI capabilities—ranging from autonomy and machine learning to data 

analytics—have advanced defense and deep-space exploration. Key applications are surveyed under AI 

in Defence (including autonomous systems, surveillance, cybersecurity, predictive analytics, and 

decision support) and AI in Deep Space Exploration (including autonomous navigation, robotic rovers, 

astronaut assistance, data processing, and mission resilience). A comparative analysis highlights the 

similarities (e.g., autonomy and big data analysis) and differences (operational environments and 

objectives) between the two fields. Ethical and security challenges are addressed, focusing on 

autonomous weapons, AI reliability, hacking vulnerabilities and human–AI accountability. The Future 

Directions section explores emerging trends such as swarm intelligence (drone and satellite swarms), 

quantum-enhanced AI, dual-use research concerns, and growing collaboration between military and 

space agencies. Throughout, real-world case studies from DARPA, NASA, ESA, ISRO, and others 

illustrate both opportunities and risks. The paper concludes that AI offers revolutionary benefits but 

demands rigorous safeguards.  
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1. Introduction 

Artificial intelligence (AI) is widely recognized as a transformative general-purpose technology, 

reshaping myriad sectors. In recent years, its integration into national defence and deep-space 

exploration has accelerated. Military organizations invest heavily in AI to improve situational 

awareness, decision support, and autonomous systems , while space agencies leverage AI for robotics, 

navigation, and scientific data analysis . Both domains grapple with complex, data-rich environments 

where human operators face information overload or communication delays. This paper traces AI’s 

evolution in defence and space, comparing their trajectories. Following an overview of prior work 

(Literature Review), we examine AI in Defence (autonomous systems, surveillance, cybersecurity, 

predictive maintenance, decision-making) and AI in Deep Space Exploration (autonomous navigation, 

robotic rovers, astronaut-assistance, data processing, mission resilience). A comparative analysis then 

highlights shared technologies and unique aspects. We discuss ethical and security challenges 

(autonomous weapons, trust, hacking, accountability) and outline future directions (swarm intelligence, 

quantum AI, dual-use research, agency collaboration). The discussion draws on real-world examples 

from DARPA, NASA, ESA, ISRO, and others, critically addressing both promise and pitfalls. Literature 
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Review AI’s impact on defence has been characterized as revolutionary. Analysts note that AI offers 

“unprecedented opportunities” to enhance efficiency, accuracy, and speed in military operations . For 

example, U.S. Secretary of Defense initiatives emphasize “trustworthy” autonomy, and AI is already 

“being used by about 70% of DARPA’s programs” . Studies of defence innovation highlight AI-driven 

intelligence analysis and autonomous platforms as priority investments . At the same time, military 

reviews caution about risks: numerous scholars have debated the morality and legality of lethal 

autonomous weapons systems (AWS) . In space, academic reviews similarly stress AI’s growing 

prevalence. Agencies recognize that exploring distant planets or operating far from Earth requires 

independent systems. An ESA study notes that as humanity ventures deeper, AI “is shaping up to be an 

essential tool” for onboard autonomy . NASA and ESA publications detail pioneering uses of machine 

learning for navigation and science (e.g., rovers, telescopes) . Early reports demonstrate that AI can sift 

through petabytes of telemetry and imagery that would overwhelm humans . In summary, literature from 

both defence and space sectors portrays AI as a strategic enabler, while also raising concerns about 

reliability, ethics, and security. 8 AI in Defence Autonomous Systems One major defence application is 

autonomous platforms—drones, ground robots, submarines, and so forth. DARPA’s OFFSET program 

envisioned infantry units supported by “swarms comprising upwards of 250 small unmanned aircraft 

systems (UAS) and/or small unmanned ground systems (UGS)” for urban operations. 

 

This exemplifies a broader trend: militaries developing multi-agent systems that operate with 

limited human input. Autonomous combat vehicles (land and air) are touted as “force multipliers,” 

extending reach into dangerous or inaccessible zones . For instance, Boston Dynamics’ Atlas robot 

(developed with DARPA) is one of the most advanced humanoids, testing AI-driven mobility and 

manipulation . DARPA’s investment in perception, planning, and multi-agent coordination (e.g. 

autonomous navigation algorithms) reflects the shift toward machines handling tasks such as 

reconnaissance and target acquisition . On the battlefield, drones with AI (e.g. automated target tracking) 

can conduct ISR (intelligence, surveillance, reconnaissance) continuously . Boston Dynamics’ Spot and 

Handle robots illustrate how autonomy can relieve humans of “dull, dirty, and dangerous” tasks . In all, 

autonomous defence systems promise greater reach and reduced casualties, though they rely on mature 

AI for perception and navigation. Surveillance and Intelligence AI dramatically augments surveillance 

and intelligence-gathering. Machine learning algorithms process images, signals, and sensor streams far 

faster than humans. Defense analysts note that AI enables “pattern recognition in massive data” to give 

commanders a near-real-time picture of the battlefield. 

 

For example, unmanned aerial vehicles (UAVs) can fly continuous patrols, with onboard AI flagging 

possible threats (vehicles, hostile fire, or camouflaged objects). Similarly, AI analyzes satellite and 

drone imagery for unusual activity. A U.S. analyst observed that AI can “sift through intelligence data 

from sensors and networks at speeds impossible for humans” . The U.S. Department of Defense also 

sponsors AI tools for social media and SIGINT analysis, seeking extremist chatter or adversary 

communications. In sum, AI driven surveillance “augments human vision and listening,” identifying 

targets or anomalies that might be missed manually. Cybersecurity and Threat Detection In defence, 

cybersecurity is critical, and AI is now integral to cyber defense. Machine-learning models are used to 

detect intrusions, malware, and phishing attacks on military networks. According to industry reports, 

“machine learning models can detect and respond to network intrusions or malware faster than 
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traditional tools, often in real time” . For example, AI can monitor network traffic patterns and quickly 

recognize anomalies indicative of an adversary breach. The Cyber Grand Challenge and numerous DoD 

research efforts have focused on automating vulnerability scanning and intrusion response using AI. 

However, security experts caution that AI systems themselves introduce new attack surfaces. Current 

defense AI systems are “highly vulnerable to cyber attacks in ways traditional platforms are not,” 

providing hackers new entry points . Attacks such as data poisoning (tampering with training data) or 

adversarial examples can induce misclassification (e.g. a drone’s vision misidentifies a friendly vehicle 

as hostile) . AI tools in cybersecurity must thus be backed by rigorous safeguards and expert oversight to 

avoid accidental or adversarial failures. Predictive Analytics and Maintenance Predictive analytics is 

another key AI use. 

 

Military equipment (aircraft, ships, tanks) now generates immense sensor data. AI analyzes this 

telemetry to forecast equipment failures before they occur. For instance, analysts note that AI “looks 

for patterns in vast amounts of maintenance sensor data to predict when parts or systems might fail” . 

Such predictive maintenance can alert crews to replace components just in time, reducing unscheduled 

downtime. A Booz Allen report explains that naval vessels using AI maintenance systems can “lower 

the risk that a key propulsion, weapon, or other system will fail during operations,” allowing ships to 

remain at sea instead of returning to port. 

 

These AI tools tie together sensor readings, repair logs, and supply-chain data to schedule repairs 

proactively. The result is higher fleet readiness and lower life-cycle cost. This use of AI in logistics and 

planning represents an evolution of traditional maintenance routines, enabled by advances in machine 

learning and Internet-of-Things sensors . Decision Support Finally, AI supports military decision-

making at strategic and tactical levels. AI-driven analytics can crunch battlefield data, simulate 

outcomes, and offer recommendations to commanders. AdaptForward notes that AI provides “decision 

support and intelligence analysis” by turning massive inputs into actionable insight . For example, 

command centers use AI to fuse satellite imagery, human intelligence, and signals data, identifying 

patterns (like troop movements) invisible to unaided analysts. In wargaming, AI-driven models can help 

plan troop deployments or logistics. Even individual soldiers may receive AI assistance: ground troops 

might use augmented- reality headsets that highlight threats, powered by onboard AI. DARPA projects 

like the Squad X competition are building AI tools to help small units coordinate. Across the defense 

enterprise, AI is increasingly embedded in C2 (command-and-control) systems and simulations, 

improving the speed and breadth of analysis. AI in Deep Space Exploration Autonomous Navigation 

Deep-space missions require spacecraft to navigate far from Earth with limited human guidance. AI is 

thus critical for autonomous navigation and path planning. On Mars, NASA’s rovers illustrate this: 

Curiosity pioneered onboard navigation, using machine vision to perceive obstacles. Perseverance (Mars 

2020) carries even more advanced autonomy. According to NASA, “Perseverance features [the ability to 

autonomously laser-zap rocks for analysis] as well as a more advanced form of AI that enables it to 

navigate 3 19 without specific direction from Earth” . This AutoNav system allows the rover to drive 

safely over rough terrain by itself, reducing the need for daily commands from Earth. 
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Similarly, Earth-orbiting and lunar missions use AI navigation. For example, NASA’s Starling 

CubeSat swarm demonstrated “the spacecraft swarm’s ability to optimize data collection” and 

autonomously manage rendezvous tasks . In future, swarms of satellites or probes may collectively 

navigate around obstacles or reconfigure formations, as envisioned in DARPA’s ORION and NASA’s 

swarm projects. Autonomous navigation is also key for landing: India’s Chandrayaan-3 lander used AI-

driven terrain avoidance (CATS system) so that its Lander Hazard Detection and Avoidance Camera 

could “anticipate lunar topography for obstacles” during descent . Such autonomy is essential where 

communication delays (tens of minutes) preclude real-time human control. Robotic Rovers and 

Explorers Robotic rovers on planetary surfaces rely heavily on AI. The Mars rovers Curiosity and 

Perseverance use AI not only to navigate but also to conduct science autonomously. For example, the 

Perseverance rover’s PIXL instrument uses onboard AI to analyze rock composition in real time, 

determining which samples are “worthy of deeper examination” without waiting for Earth . NASA 

reports that “for almost three years, the rover mission has been testing a form of AI that seeks out 

minerals in the Red Planet’s rocks,” marking the first time AI made “autonomous decisions based on 

real-time analysis of rock composition” . Similarly, the Pragyan rover of Chandrayaan-3 will use AI for 

science. India’s space agency reports that Pragyan’s AI algorithms will help it “locate and map 

intriguing lunar features and chart the optimal route for efficient exploration” . In short, AI- enabled 

rovers can adapt on-site: they can identify interesting geology, plan science campaigns, and even detect 

hazards. These capabilities greatly enhance mission productivity by delegating routine scientific 

decision- making to the robot. Astronaut Assistance AI also assists human crews in space. A prominent 

example is NASA’s collaboration with Google to develop the Crew Medical Officer Digital Assistant 

(CMO-DA), an AI “medical assistant” for deep-space missions . Trained on spaceflight medical 

literature, this AI uses natural language processing to analyze astronauts’ symptoms and provide 

diagnostic suggestions in real time . With one-way light-time delays of up to 22.5 minutes (Earth–

Mars), such an onboard physician AI is critical. Early tests show it may reliably diagnose conditions 

from remote data . Beyond medicine, AI-powered conversational agents and scheduling tools have been 

tested on the ISS (e.g. CIMON, IBM Watson projects) to help astronauts manage experiments and 

manuals. NASA is also exploring AI for Habitat management, where AI monitors life-support systems 

and advises crews. In sum, as crews venture farther (Artemis, Mars), AI is envisioned as a digital 

assistant that augments human cognition and compensates for isolation. Space.com notes that an AI 

assistant “could help bridge a critical gap” caused by communication delays, and could also benefit 

remote environments on Earth . Data Processing and Science Deep-space exploration generates vast data 

volumes from telescopes, sensors, and instruments. AI excels at processing and interpreting these 

datasets. A landmark case is the discovery of exoplanets using machine learning. NASA reported that 

scientists used AI to find a new eighth planet in the Kepler-90 system: “the newly-discovered Kepler-

90i … was found using machine learning from Google” by training computers to identify transit signals 

in telescope data . This ML “sifted through Kepler data and found weak transit signals from a 

previously-missed … planet” . 

 

Similarly, NASA’s analysis of Mars rover imagery, cosmic microwave background data, and ISS 

science experiments increasingly uses AI to detect patterns (e.g., geological layering, radiation 

anomalies) that manual methods would miss. ESA’s Gaia mission employs AI algorithms to classify 

billions of stars. In planetary missions, AI helps compress and prioritize data: on future Mercury or 
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Venus probes, deep-learning could decide which images to downlink. AI is also key for astrophysics: 

training neural networks on telescope surveys accelerates detection of transient events and rare objects. 

Overall, AI transforms raw space data into insights at speed, turning petabytes into discoveries 

(exoplanets, asteroids, cosmic structures) much faster than traditional pipelines . 9 Mission Resilience 

and Fault Management Another emerging application is AI for spacecraft health and resilience. Long-

duration missions to harsh environments require robust, self-monitoring systems. For example, ESA and 

Airbus developed the ORBIT STAR AI demonstrator for the ISS’s Columbus module. It “monitors 

telemetry data to detect and anticipate any issues” in subsystems and can “independently identify actions 

to prevent further damage” . The AI model learns from its decisions to reduce errors over time. Such 

onboard diagnostics can enable quicker responses to faults when contact with ground is limited. ESA 

engineers note that this system “could ensure the safety and success of long-term missions in unknown 

environments, being able to adapt to new challenges with minimal help from human operators” . In 

practice, AI-driven fault management might reroute power, adjust thermal controls, or isolate failing 

components autonomously. NASA’s Mars Sample Return program and Artemis Gateway plan to 

incorporate similar smart controllers. Mission resilience is enhanced when AI can autonomously re-plan 

around failures or hazards. As Airbus experts say, AI integration “is needed in space to go deeper, where 

there is no connection to the ground” . Thus, AI is envisioned as critical for maintaining spacecraft 

health across communication delays and in unforgiving conditions. Comparative Analysis Despite 

differing goals, defence and space share many AI themes. Both domains leverage autonomy (drones vs. 

robots), machine learning for sensor data, and predictive analytics. For example, DARPA’s OFFSET 

drone swarm and NASA’s Starling CubeSat swarm both exploit swarm intelligence: networks of agents 

that share information and coordinate. DARPA expects infantry swarms of 250 UAVs , while NASA’s 

Starling (4 CubeSats) demonstrated autonomous formation flying and self- distribution of tasks . Both 

use onboard reasoning and distributed networks (DARPA’s robots use networked coordination; Starling 

used a mobile ad-hoc network) to share objectives. A comparison table highlights more parallels and 

contrasts: 10 Application Defence (Examples) Deep Space (Examples) 9 Autonomous Platforms 

Drone/UAV swarms for reconnaissance 10 and combat. Robotic rovers (Mars Perseverance) for 

exploration 19 Starling) . 9 ; autonomous satellites (NASA Surveillance & Sensing AI-enhanced ISR: 

drone imaging analysis, signal intelligence . 2 8 Telescope data mining (Kepler exoplanets via ML) ; 

planetary radar and vision. 5 Application Defence (Examples) Deep Space (Examples) Cybersecurity 14 

AI for intrusion detection on military networks . Equipment health (ships, jets) via AI sensors . AI for 

command centers, C2, intelligence fusion . Predictive Maintenance Decision Support 2 Protecting 

ground-space links (AI defenses for mission networks). Spacecraft health (telemetry anomaly detection) 

. Autonomous navigation choices; AI planners for mission operations. While methods overlap, key 

differences arise. Defence AI emphasizes adversarial scenarios: identifying enemy forces or neutralizing 

threats. Space AI focuses on environment and science: maximizing discovery and ensuring mission 

safety. The stakes differ; in defence, mistakes can mean loss of life or national security, whereas in 

space, AI errors more often risk hardware and mission objectives (though rare astronaut deaths are 

possible). Timelines differ too: space missions tolerate hours-long planning cycles, defense requires 

split-second decisions. 

 

Communication constraints in space (light-speed delays) are more severe than typical battlefield 

conditions. However, there are overlaps: Earth observation satellites serve both civilian and intelligence 
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needs; machine vision developed for space (e.g. star tracking) can aid missile guidance. In sum, defence 

and space pursue parallel AI advances (swarming drones vs. satellites, autonomous rovers vs. robotic 

vehicles) but apply them to distinct problem domains. Ethical and Security Challenges 30 AI 

deployment in both fields raises serious ethical and security concerns. A prominent issue is autonomous 

weapons in the military. Critics warn that delegating lethal force to AI violates fundamental principles. 

An analysis by Etzioni & Etzioni notes that any weapon “that makes it impossible to identify 

responsibility for the casualties it causes does not meet” international law requirements . Autonomous 

systems “select and engage targets independently” could blur accountability. Even well-trained AI may 

misidentify civilian vs. combatant: Noel Sharkey argues that machines “will find it very hard to 

determine who is a civilian and who is a combatant” . Thus, fully autonomous targeting raises profound 

ethical issues about life-and death decisions without human moral judgment. Relatedly, the concept of 

meaningful human control is debated; an open letter on AWS argues that “decisions about the 

application of violent force must not be delegated to machines” . In space, weapons autonomy is less 

discussed, but AI militarization of space (anti- satellite robots, automated missile defense) echoes 

similar dilemmas. Reliability is a core challenge. AI systems are not infallible. AdaptForward warns 

that if AI tools are “poorly designed or inadequately tested, they can make wrong recommendations or 

decisions with serious repercussions” . In combat, a misfiring AI could cause friendly fire; in space, an 

erroneous spacecraft maneuver could jeopardize an entire mission. Current AI lacks guaranteed 

robustness under all conditions. Indeed, critics note that military AI is “not yet sufficiently advanced to 

guarantee dependable performance in the high-stakes domain of military operations” . Therefore, 

thorough validation, fail-safes, and human oversight (“human-in-the-loop” or “on-the-loop”) are 

essential to maintain trust. In addition, transparency and explainability are demanded so that human 

operators understand AI actions. Without these, operators may distrust automation or misuse it. Both 

defence and space sectors must prioritize rigorous testing, formal verification, and conservative design 

to prevent unintended failures. Hacking and cyber risks pose a unique threat to AI systems. As noted 

earlier, AI opens new vulnerability avenues . An AI in a battlefield drone or a satellite could be targeted 

by adversaries. Attacks on AI take forms not seen with traditional systems: data poisoning (tampering 

with AI training datasets) could cause an autonomous vehicle to mislearn, or adversarial examples 

(subtle input manipulations) could fool an AI vision system. The European Leadership Network warns 

that AI-driven systems are “highly vulnerable to cyber attacks” because hackers can exploit the data and 

models . For instance, if an adversary gains access to a satellite’s data processing AI, it could inject false 

signals to mislead operators. Similarly, military AI that sifts intelligence could be fed disinformation to 

produce wrong situational maps. Because these attacks often require less expertise than developing AI, 

the risk is asymmetrical. Both defenders and explorers must secure AI pipelines (data integrity, model 

secrecy, network security) to guard against these advanced cyber threats . Human–AI Accountability is 

a pervasive concern. Who takes responsibility when AI acts? In war, this is most acute. Etzioni & 

Etzioni highlight that international humanitarian law demands clear liability for civilian casualties. If an 

autonomous drone mistakenly strikes a village, it is unclear “who or what are to be blamed or held 

liable” . Traditional chain-of- command accountability breaks down with autonomous weapons. This 

ethical dilemma is similarly echoed in civilian settings: engineers struggle to assign blame when a self 

driving car crashes. In space exploration, accountability issues are different but present. For example, if 

an autonomous landing algorithm fails, ultimately the mission team must take responsibility; but as 

missions go beyond Earth, even accountability on Earth may be remote (both physically and 
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organizationally). The space sector has thus far emphasized thorough validation (humans review AI 

outputs extensively), yet as autonomy increases, new policies on AI responsibility will be needed. 

Overall, both domains must address the accountability gap by codifying human oversight, clear rules of 

engagement, and legal frameworks that adapt to AI. Future Directions Several emerging technologies 

will shape the next phase of AI in defence and space: Swarm Intelligence: Both fields are moving 

toward decentralized multi- agent systems. DARPA’s OFFSET program demonstrated how large 

swarms of UAVs/UGVs can be coordinated for complex missions . In space, NASA’s Starling mission 

showed that even a small swarm of CubeSats can autonomously share data and plans . Future 

developments may see “swarms of satellites” collaborating on scientific surveys or missile warning . In 

defence, hundreds of loitering munitions or sensor drones might coordinate in contested airspace. Thus, 

algorithms for collective learning and decentralized decision-making will be crucial. Swarm intelligence 

promises robustness (a swarm tolerates single-node losses) and scale, but requires solving challenges in 

communication, consensus, and emergent behavior. 9 Quantum AI and Quantum Sensing: The 

convergence of quantum technologies and AI is a frontier. Quantum computing, though nascent, has the 

potential to accelerate AI algorithms and handle more complex models. Defense R&D budgets now 

carve out quantum research alongside AI . For example, the Pentagon’s strategy notes that quantum 

sensors and AI-guided data analysis will likely be embedded in the next generation of satellites and 

space-based early warning systems . Quantum based inertial navigation could allow submarines or 

spacecraft to compute trajectories with no GPS. In space exploration, quantum AI could help optimize 

mission planning (e.g., resource scheduling) or enable new scientific measurements (quantum-enhanced 

telescopes). Moreover, post-quantum cryptography is needed to secure AI communications against 

future quantum adversaries . While practical quantum AI is still developing, agencies are investing now: 

for instance, NASA’s Quantum AI Lab explores quantum algorithms for space missions, and DARPA 

funds quantum-enabled autonomy. Dual-Use Research and Commercial AI: The line between civilian, 

military, and space AI is blurring. Rapid progress in commercial AI (e.g. large language models, general 

vision models) is being tapped for defence and space. DefenseOne reports that companies trained on 

vast datasets are marketing “foundation models” to militaries for surveillance and targeting . These 

dual-use AI tools could boost capabilities, but also import commercial data biases and vulnerabilities. 

Researchers warn that a foundation model trained on public data may misidentify targets, potentially 

endangering civilians . In space, dual-use tech is common (rocket engines serve both missile defense 

and launch). The risk is that advances (e.g., AI planning used for logistics) can be applied to adversarial 

systems as well. Responsible oversight of dual-use AI is thus critical. Agencies must balance open 

innovation with controls on sensitive AI research (for example, vetting training data and model behavior 

to prevent unexpected weaponization). Interagency and Civil-Military Collaboration: AI is fostering 

new partnerships between defence and space organizations. Joint projects can pool expertise (robotics, 

autonomy, cybersecurity). For example, DARPA has worked with NASA on advanced autonomy 

research and robotics competitions. Similarly, national space agencies and militaries co-develop satellite 

constellations (e.g., Earth observation that serves intelligence and civilian needs). The USAF’s Space 

Force and NASA share technology on launch systems and space situational awareness. Internationally, 

initiatives like the European Defence Fund aim to tie civilian (ESA) and defence (EU military) R&D on 

dual-use AI. Collaboration can accelerate progress (sharing testbeds, data), but also raises issues of 

governance (who owns the IP) and target alignment (defense needs may pull space tech toward 

surveillance). Future success will depend on frameworks that encourage such cooperation while 
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maintaining ethical and security standards. In summary, AI’s trajectory in defence and space is 

intertwined with next-gen technology trends. 

 

Swarming algorithms, quantum-enhanced AI, and integrated dual-use programs are on the horizon. 

Both military and space agencies must navigate these advances jointly to harness synergies (e.g. using 

drone AI for both border security and disaster response) while preventing escalation (such as 

autonomous weapons proliferation). The coming decade will likely see AI underpinning new classes of 

systems in both domains, making regulation, ethics, and international dialogue more important than 

ever. 

 

Conclusion  

AI has emerged as a transformative force in both defence and deep-space exploration. In military 

contexts, AI enables smarter sensors, autonomous vehicles, and predictive logistics, potentially 

revolutionizing how nations defend themselves. In space, AI empowers rovers and spacecraft to operate 

semi-independently, speeding scientific discoveries and extending humanity’s reach. Case studies from 

NASA, ESA, DARPA, and ISRO demonstrate concrete gains: autonomous Mars rovers making 

decisions on-site , drone swarms exploring combat zones , AI medical assistants preparing astronauts for 

Mars flights . Yet these opportunities come with significant challenges. Ethical dilemmas over 

autonomous weapons, technical hurdles in reliability, and cybersecurity threats from adversarial actors 

loom large in both fields. Our comparative analysis shows that, despite different missions, defence and 

space share many AI challenges and can learn from each other (e.g., robust autonomy, explainability, 

safety engineering). Looking forward, continued investment in AI must be paired with rigorous 

validation and governance. Future research should prioritize explainable AI, verification of autonomous 

systems, and international norms. With proper stewardship, AI can greatly enhance security and 

exploration; without it, it poses risks that humanity must carefully manage.  
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