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Abstract

Deep-space missions face significant risks due to micrometeoroid impacts, radiation exposure, and
mechanical failures. Traditional fault detection and maintenance strategies depend on predefined failure
models or human intervention, both of which are impractical for autonomous, long-duration missions.
This paper presents an AI-powered self-repair framework integrating predictive failure detection,
self-healing structural materials, and autonomous repair decision-making to enhance spacecraft
resilience and operational sustainability.

We have developed a prototype implementation demonstrating:

• AI-Powered Predictive Failure Detection (AI-PFD) – A deep learning model trained on
spacecraft telemetry data to predict system malfunctions, structural degradation, and component
failures.

• Self-Healing Structural Materials (SHSM) – AI-assisted deployment of autonomous self-
repairing materials that mitigate micrometeoroid punctures and thermal stress damage.

• Autonomous Repair Decision System (ARDS) – Reinforcement learning-based optimization
of robotic and material-based repair strategies, ensuring minimal downtime and resource efficiency.

This paper explores the computational feasibility, material science integration, and mis-
sion scalability of AI-assisted self-repairing spacecraft. While primarily a theoretical framework, we
present a Python-based prototype simulating AI-driven predictive maintenance and repair decision-
making, validating its potential application in deep-space missions. Additionally, we analyze long-term
spacecraft resilience, operational safety, and regulatory considerations for implementing AI-
powered self-repair mechanisms in next-generation space systems.

By integrating AI, predictive analytics, and autonomous self-repair, this framework enables a
paradigm shift towards self-sustaining spacecraft, minimizing human intervention and ensuring long-
term mission viability in extreme environments.

AI in Spacecraft Maintenance, Self-Repairing Spacecraft, Predictive Failure Detection, AI-Powered Space-
craft Resilience, Autonomous Space Repair, AI-Driven Structural Self-Healing.

1 Introduction

The future of deep-space exploration depends on spacecraft capable of autonomous fault detection and
self-repair, reducing dependence on ground intervention. Exposure to extreme conditions leads to sensor
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degradation, mechanical fatigue, and radiation-induced failures, requiring adaptive, AI-driven
maintenance solutions. Traditional spacecraft maintenance approaches suffer from:

• Limited real-time diagnostics – Current models rely on predefined failure conditions and do not
adapt to dynamic environments.

• Reactive maintenance strategies – Repairs are conducted only after failures occur, increasing
mission risks.

• Inefficient human-dependent interventions – Long-distance communication delays limit ground-
assisted troubleshooting.

This paper introduces a novel AI-powered self-repair framework capable of predicting failures,
autonomously repairing structural damage, and optimizing repair strategies, ensuring mission
continuity and spacecraft longevity.
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