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Abstract

Small satellite networks play an important role in modern communications and are widely used in
various modern communication scenarios. Due to random transmission requirements and random
packet generation/arrival, the traffic pattern in large-scale small satellite networks becomes com-
plex, and routing faces greater challenges due to the extremely large network scale and limited
small satellite resources. Traditional satellite routing algorithms attempt to use time-discrete
graph models to exploit predictable satellite trajectories, but cannot cope with these challenges.
Dynamic path routing has become one of the key routing technologies to improve network perfor-
mance and robustness. This paper uses the characteristics of dynamic networks to model the infor-
mation routing problem in three dimensions, and models the end-to-end shortest path problem
with hop count constraints as a 0~1 integer programming problem. Since it is difficult to character-
ize the global information under dynamic topology, we use a combination of time slicing and dy-
namic grid models to accurately characterize the satellite position and intersatellite link status, and
obtain the network topology required for information routing. At the same time, we use a routing
algorithm based on the “routing-switching” mechanism to solve the end-to-end problem in the
three-dimensional network topology. The solution process involves a shortest delay path problem
with hop count constraints. Since this problem is NP-hard, most existing studies use heuristic algo-
rithms for approximate solutions, sacrificing solution accuracy in exchange for solution efficiency.
We use the BIiLAD algorithm based on Lagrangian duality theory to solve the single-constrained
shortest path problem, which can ensure both the efficiency of the solution and the optimality of the
solution. In the numerical experiment, we randomly generated 200 test instances. The experi-
mental results show that the information routing algorithm proposed in this paper can successfully
solve 191 test instances, and the success rate of the solution is increased by about 18% compared
with the greedy algorithm.
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Figure 1. Schematic diagram of dynamic network information routing for large-scale small satellite network
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Table 1. Comparison of numerical experiments between BiLAD algorithm and greedy algorithm
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BiLAD ik 200 0.18 191 95.5 29.12
T EEE 200 0.2 155 775 27.58
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