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Distributed Particle Filtering Algorithm Based on Adaptive Hybrid Mesh Partitioning

MA Jia-Ning" CHEN Di* WANG Jian-Ge' LI Xiao-Lei' LUO Xiao-Yuan'

Abstract In distributed networks, traditional particle filtering methods struggle to strike a good balance between
estimation accuracy and computational cost. To address this issue, this paper proposes an adaptive hybrid mesh dis-
tributed particle filtering algorithm. Firstly, it introduces an adaptive hybrid mesh strategy based on information
theory criteria to dynamically optimize the partitioning of the state space, concentrating computational resources on
the high-probability regions of the posterior distribution, thereby enhancing representation efficiency. Secondly, for
distributed information fusion, a new fusion mechanism is designed, enabling nodes to directly fuse local posterior
distributions represented by mesh weights, effectively avoiding common model mismatch and information loss prob-
lems in parametric methods and significantly reducing communication overhead. Additionally, to ensure the robust-
ness of the fusion process, a log-domain Gossip protocol is adopted to drive the fusion iterations, and its conver-
gence in the probability domain is theoretically proven. Monte Carlo simulation results show that, compared with
fixed-mesh, Gaussian mixture fusion, and other benchmark methods, the proposed algorithm significantly reduces
resource consumption while achieving estimation accuracy closest to the upper bound of centralized performance,
demonstrating superior estimation accuracy and system scalability.
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