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Table 3 Comparison results of various algorithms under
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PSO 97.50 97.50  12.34 9.08
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Fig.5 Simulation results of path planning for each algorithm
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Mine fire emergency path planning based on the improved
salp swarm algorithm

QI Yun'?, YU Kaiwang®, WANG Wei'*, CUI Xinchao’, XIAO Xinshuai’

(1 College of Mining and Coal, Inner Mongolia University of Science and Technology, Baotou 014017, Inner Mongolia, China;
2 College of Coal Engineering, Shanxi Datong University, Datong 037000, Shanxi, China)

Abstract: To effectively address the critical need for emergency personnel evacuation following a mine fire, this study proposes a novel
robot path planning method based on an Improved Salp Swarm Algorithm (ISSA). The core of the methodology lies in enhancing the
original Salp Swarm Algorithm (SSA) by integrating three key strategies. First, logistic chaotic mapping is introduced to initialize the
population, thereby improving its diversity and providing a more robust starting point for the search process. Second, an integrated
differential evolution mutation operator is incorporated to strengthen global exploration capabilities, effectively preventing the algorithm
from prematurely converging on local optima. Finally, a non-uniform Gaussian perturbation strategy is applied to the leader’s position,
refining local exploitation and enhancing the ability to escape from local minima during the later stages of iteration. A comprehensive
simulation experiment was designed to systematically validate the performance of the proposed ISSA. The algorithm was benchmarked
against the original SSA, the Particle Swarm Optimization ( PSO) algorithm, and the Genetic Algorithm ( GA). Multiple groups of
multi-agent path planning simulations were conducted within a grid-based simulation environment that replicated a complex mine layout.
The experimental results demonstrate the superior performance of ISSA across key metrics. In terms of optimal path length, Compared
with GA, PSO and the original SSA, ISSA has shortened by 8. 6% , 22. 7% and 13. 7% respectively. In terms of the stability of path
solving, the performance improvement of ISSA is more significant, with a 50% increase over GA, a 93% increase over PSO and a 77%
increase over the original SSA. This indicates much greater consistency and reliability in finding high-quality solutions. In conclusion,
the improved salp swarm algorithm exhibits significant advantages in path quality, convergence efficiency, and overall robustness. It
proves capable of planning safer and more efficient evacuation paths for rescue robots in confined and hazardous environments such as
mine fires, demonstrating considerable potential for practical engineering applications.

Key words: safety engineering; mine fire; salp swarm algorithm; Logistic chaotic initialization; differential mutation; path planning
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