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Abstract: In low-Earth-orbit (LEO) satellite networks, the network topology and inter-satellite link states were con-
tinuously altered by satellite motion, while continuous variations were observed in traffic loads, link resources, and
node energy states. Consequently, information timeliness, link congestion, and node energy consumption could not be

simultaneously balanced by existing satellite network routing methods. To address this problem, LD3QN-IR, a satel-
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lite network routing algorithm for the joint optimization of information timeliness and energy, was proposed. In the
proposed algorithm, a state space was constructed by jointly incorporating network adjacency, residual link band-
width, transmission delay, end-to-end age of information (Aol), and the residual energy ratio of each node. Historical
network states were temporally encoded using a long short-term memory (LSTM) network, and local temporal corre-
lations in the encoded state features were further extracted using a convolutional neural network (CNN). Subse-
quently, a Dueling Double deep Q-network (Dueling Double DQN) was adopted, through which the action-value func-
tion was decomposed into a state-value function and an action-advantage function, while action-value overestimation
was reduced using the Double Q mechanism. On this basis, a reward function incorporating Aol, link utilization, re-
sidual node energy, and routing progress was designed, through which the agent was guided to balance information
freshness, transmission performance, and energy consumption. Joint dynamic-topology simulations were conducted
using STK, NS3, and MATLAB. The highest comprehensive balance score was achieved by LD3QN-IR under all
tested network loads, and superior multi-objective performance was demonstrated, with end-to-end delay, information
freshness, and node energy consumption effectively balanced.

Key words: Low-Earth-orbit satellite network, Age of information, Intelligent routing, Long short-term memory
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25. end if

26. end for

27. end for
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