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Abstract

With the rapid growth of global communications demands, low Earth orbit (LEO) satellite networks
have become a powerful supplement to ground communications due to their wide coverage and high
flexibility. However, the high-speed movement of satellites leads to dynamic changes in network to-
pology and link status, posing significant challenges for routing algorithm design. To address these
issues, this paper proposes a dynamic distributed routing algorithm based on reinforcement learning.
First, we systematically model the satellite network communication process, covering factors such as
network topology, communication links, communication delay, and packetloss. Second, we introduce
a dynamic distributed routing architecture and a mechanism for inter-satellite state exchange, ena-
bling satellite nodes to perceive network state changes in real time and make autonomous decisions.
Next, we model the routing decision problem as a Distributed Partially Observable Markov Decision
Process (Dec-POMDP) and propose the MAD3QN routing algorithm, which combines Double DQN and
Dueling DQN. The algorithm constructs an efficient state representation and reward function to effec-
tively guide the agent in optimizing routing decisions. Simulation results show that compared to other
routing algorithms, the MAD3QN algorithm outperforms in performance metrics such as end-to-end
delay, packetloss rate, and throughput, demonstrating its adaptability and effectiveness in the highly
dynamic environment of LEO satellite networks.
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Figure 1. Diagram of the inter-satellite link
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Figure 2. Diagram of dynamic distributed routing architecture
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Figure 3. Diagram of DQN basic framework and training process
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Figure 5. Comparison of average end-to-end delay for different algorithms
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Figure 6. Comparison of average end-to-end delay for different algorithms

& 6. FRIEZMNEBERIILLE

DOI: 10.12677/csa.2025.155132 603 THENUR S 5 R H


https://doi.org/10.12677/csa.2025.155132

HER %

7 Jor 1 DU i b SR AE S R R R R A R AR A, MAD3QN S AE T A it B R T 1Y

Rl LI 15 S 5 e I <08 o R Bt AT K e o MR ARSI B SR F AR R ARG Sk
HARBS SR BRI EE R, A7 R B S 5 R, Tt ARG

140

SitE (Mbps)

2.1 22 23 24 25 26 27 28 29 30 3.1 3.2 33 3.4 35
REBEREE (Mops)

Figure 7. Comparison of average end-to-end delay for different algorithms
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