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Abstract:
Objective

With the rapid pace of digital transformation and the smart upgrading of the economy and society,

the Internet of Things (IoT) has become a critical element of new infrastructure. Current wide-area IoT

networks primarily rely on 5G terrestrial infrastructure. While these networks continue to evolve, challenges

persist, particularly in remote or disaster-affected areas. The high cost and vulnerability of base stations hinder

deployment and maintenance in these locations. Satellite networks provide seamless coverage, flexibility, and
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reliability, making them compelling alternatives to terrestrial networks for achieving global connectivity.
Satellite-assisted Internet of Things (SIoT) can deliver ubiquitous and reliable connectivity for IoT devices.
Typically, IoT devices offload tasks to edge servers or cloud platforms due to their limited power, computing,
and caching resources. Mobile Edge Computing (MEC) helps reduce latency by caching content and placing
edge servers closer to IoT devices. Low Earth Orbit (LEO) satellites with integrated processing units can also
serve as edge computing nodes. Although cloud platforms offer abundant computing resources and a reliable
power supply, the long distance between [oT devices and the cloud results in higher communication latency.
With the explosive growth of IoT devices and the diversification of application requirements driven by 5G, it is
essential to design a collaborative architecture that integrates cloud, edge, and end devices. Recent research has
extensively explored MEC-enhanced SIoT systems. However, many studies focus solely on edge or cloud
computing, with little emphasis on their integration, satellite mobility, or resource constraints. Furthermore,
LEO satellites providing edge services face challenges due to their limited onboard resources and the high
mobility of the satellite constellation, complicating resource allocation and task offloading. Single-satellite
solutions may not satisfy performance expectations during peak demand. Inter-Satellite Collaboration (ISC)
technology, which utilizes visible light communications, can significantly increase system capacity, extend
coverage, reduce individual satellite resource consumption, and prolong network operational life. Although some
studies address three-tier architectures involving IoT devices, satellites, and clouds, proposing load balancing
mechanisms through ISC for optimizing offloading and resource allocation, many rely on static assumptions
about network topologies and user associations. In practice, LEO satellites require frequent switching and
dynamic adjustments in offloading strategies to maintain service quality due to their high-speed mobility.
Therefore, there is a need for a method of task offloading and resource allocation in a dynamic environment
that considers satellite mobility and limited resources. To address these research gaps, this paper proposes a
dynamic ISC-enhanced cloud-edge-end SloT network model. By formulating the joint optimization problem of
offloading decisions and resource allocation as a Mixed Integer Non-Linear Programming (MINLP) problem, a
Model-assisted Adaptive Deep Reinforcement Learning (MADRL) algorithm is developed to achieve minimum
system cost in a changing environment.

Methods  The LEO satellite mobility model and the SIoT network model with ISC are constructed to analyze
end-to-end latency and system energy consumption. This evaluation considers three modes: local computing,
edge computing, and cloud computing. A joint optimization MINLP problem is formulated, focusing on task
offloading and resource allocation to minimize system costs. A MADRL algorithm is introduced, integrating
traditional optimization techniques with deep reinforcement learning. The algorithm operates in two parts. The
first part optimizes communication and computational resource allocation using a model-assisted binary search
algorithm and gradient descent method. The second part trains a Q-network to adapt offloading decisions based
on stochastic task arrivals through an adaptive deep reinforcement learning approach.

Results and Discussions  Simulation experiments were conducted under various dynamic scenarios. The
MADRL algorithm exhibits strong convergence properties, as demonstrated in the analysis. Comparisons of
different learning rates and exploration decay factors reveal optimal parameter values. Incorporating satellite
mobility reduces system costs by 41% compared to static scenarios, enabling dynamic resource allocation and
improved efficiency. Integrating ISC reduces system costs by 22.1%. This demonstrates the effectiveness of
inter-satellite load balancing in improving resource utilization. Additionally, the MADRL algorithm achieves a
3% reduction in system costs compared to the Deep Q Learning (DQN) algorithm, highlighting its adaptability
and efficiency in dynamic environments. System costs decrease as satellite speed increases, with the MADRL
algorithm consistently outperforming other methods.

Conclusions  This paper presents an innovative dynamic SIoT model that integrates IoT devices, LEO
satellites, and a cloud computing center. The model addresses the latency and energy consumption issues faced
by IoT devices in remote and disaster-stricken areas. The task offloading and resource allocation problem that
minimizes system cost is constructed by incorporating ISC techniques to enhance satellite edge performance and
by taking satellite mobility into account. A MADRL algorithm that combines traditional optimization with
deep reinforcement learning is proposed. This approach effectively optimizes task offloading decisions and
resource allocation. Simulation results demonstrate that our model and algorithm significantly reduce system
costs. Specifically, the incorporation of satellite mobility and ISC technology leads to cost reductions of 41%
and 22.1%, respectively. Compared to benchmark algorithms, the MADRL shows superior performance across
various test environments, highlighting its significant application advantages.

Key words: Cloud-edge-end collaborative computing; Satellite-assited Internet of Things (SIoT); Deep

Reinforcement Learning (DRL); Task offloading; Resource allocation.
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