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Abstract: To address the challenges of user mobility, task dependency, and restricted aerial trajectory planning in mari-
time mobile edge computing, this study proposes a user mobility-aware air-sea collaborative task offloading framework.
We establish a three-tier computing architecture comprising user equipment, aerial auxiliary nodes (AANs), and edge serv-
ers, formulating a multi-objective optimization model that minimizes system costs (latency and energy consumption)
while considering task dependencies, resource allocation constraints, and AAN 3D spatial safety requirements. The techni-
cal contributions include: 1) A dynamic K-means-based user clustering mechanism that periodically updates MD-AAN as-
sociations according to real-time mobility patterns; 2) A Twin-delayed Deep Deterministic Policy Gradient based Hetero-
geneous Agent Offloading (TD3-HAO) algorithm enabling joint optimization of dependent sub-task offloading, resource
allocation, and 3D AAN trajectory planning through heterogeneous multi-agent coordination. Simulation results demon-
strate superior performance over baseline methods, maintaining less than 3% deviation from optimal solutions when scal-
ing to 25 MDs, with 16.94%-38.34% latency reduction. The proposed solution effectively resolves the resource underuti-
lization caused by ignoring task dependencies and agent homogeneity in existing approaches, providing theoretical guid-

ance for air-sea integrated edge computing systems.
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