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Abstract: In large-scale satellite communication networks, the dynamic and uncertain nature of inter-satellite links
significantly impacts network performance. Due to the high-speed movement of satellites, orbital variations, and dis-
turbances from the space environment, traditional static routing algorithms struggle to adapt to frequent network topol-
ogy changes caused by link establishment and disconnection. To address this issue, a link survival time prediction

framework based on a Markov model was constructed, systematically analyzing the relationship between link avail-
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ability, recovery rate, and failure rate, while also examining the impact of solar conjunction on link stability. Based on
this framework, two optimization strategies were proposed: a reliable routing algorithm based on constrained shortest
path first with link survival time (CSPF-LST), where link failure probability was introduced to dynamically adjust
path selection, improving link survival time; a dynamic weighted shortest path algorithm based on link survival time,
which integrated link survival time and latency factors for comprehensive optimization. Simulation results demon-
strate that the proposed algorithms significantly improve routing reliability and data transmission efficiency in satel-

lite networks, providing theoretical and technical support for the efficient operation of large-scale satellite constella-

tion networks.

Key words: satellite communication network, link survival time, reliable routing algorithm, Markov model
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