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Abstract

In the process of continuously advancing space missions, the collaborative control of satellite clusters faces a series of technical
challenges, mainly reflected in the reliable guarantee of communication links, reasonable scheduling of computing resources,
and stable operation of control algorithms. This study proposes a solution that integrates time sensitive networks (TSN) with
heterogeneous multi-core system on chip (SoC) architectures. Specifically, in addressing the issue of inter satellite link latency
fluctuations, the Time Aware Shaper (TAS) mechanism of TSN was optimized, and a dynamic gate control scheduling algorithm was
developed. This algorithm can adjust the allocation of time slots in real time according to the actual situation, effectively suppressing
the jitter of time delay. In terms of computing resource management, a task computing power matching model based on SoC
heterogeneous computing units has been constructed, which can achieve load balancing of computing resources and optimize energy
consumption. At the control algorithm level, adaptive control theory is integrated with distributed consensus protocols to enable
compatibility and response to high-order dynamic characteristics of satellites, as well as various disturbances in the external space
environment. The simulation experiment results show that this solution has significant effects. The communication synchronization
accuracy can reach 50 nanoseconds, the end-to-end delay is less than 1 microsecond, and the error of satellite formation control is
less than 0.1 meters. This series of achievements means that the solution has improved the timing certainty of communication, the
real-time performance of the system, and the adaptability to different environments, providing a key technical approach for large-
scale satellite networking.
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