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Particle Filter algorithm optimized based on
Multi—-Strategy Improved Coati Optimization Algorithm
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Abstract: Targeting the issue of particle degeneracy, deficiency of diversity, and inadequate convergence accuracy in the conventional
Particle Filter (PF) algorithm for Simultaneous Localization and Mapping ( SLAM) problems, this paper presents an enhanced Coati
Optimization Algorithm—Particle Filter algorithm (ICOA-PF). Starting from the standard Coati Optimization Algorithm (COA), the
established ICOA-PF adopts a Circle chaotic map to substitute the standard random initialization strategy, which effectively overcomes the
initial local aggregation phenomenon and drastically improves the uniformity of population exploration in the state space. Adaptive weights
are incorporated in the position update process, dynamically adjusting the exploration radius according to iterative progress to reconcile
global and local exploration abilities. Finally, an elite — guided mechanism with Cauchy perturbation is introduced. Meanwhile the
information of elite particles is leveraged to guide the search direction and incorporates the long—jump property of Cauchy perturbation.
Through this collaborative effort, the particle swarm is effectively led to bypass local optima and improves diversity, thus avoiding particle
degeneracy and sample impoverishment. Experimental results indicate that the improved algorithm improves particle diversity and the
accuracy of system state estimation concurrently. In comparison to conventional PF algorithms, the proposed algorithm achieves higher
robustness. When implemented in SLAM algorithms, the proposed algorithm can suppress the accumulation of localization errors due to
particle diversity loss and avoid divergence in pose estimation. Through the feedback of stable pose estimates, the proposed algorithm
improves the global consistency of map construction and drastically enhances the robustness and reliability of the SLAM algorithm.

Key words: Particle Filter (PF) ; Coati Optimization Algorithm ( COA) ; chaotic mapping initialization; Adaptive Inertia Weight ;
elite—guided; Cauchy perturbation; Simultaneous Localization And Mapping (SLAM)
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Fig. 9 Comparison of trajectory estimation results in different algorithms
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