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quency hopping spread spectrum (IM-FHSS) systems under mixed jamming, independent jamming parameters were

introduced to model different jamming types. Complete bit error rate (BER) expressions for both additive Gaussian

white noise (AWGN) and Rayleigh fading channels were derived based on hypergeometric distribution probability

models. By defining 3 core performance metrics, outage probability, energy efficiency, and resource occupancy rate,

two complementary optimization models, namely resource minimization and BER minimization, were established.

The nonlinear randomly reuse-based mutated whale optimization algorithm (NRRMWOA) and the improved compos-

ite particle swarm optimization (ICPSO) algorithm were employed to solve the two optimization problems, respec-

tively, addressing their mixed-integer nonlinear, non-convex, and multi-modal characteristics. Simulation results dem-

onstrated that the theoretical BER derivations closely matched Monte Carlo simulations, and the proposed algorithms

significantly outperformed traditional methods in terms of solution accuracy, convergence speed, and stability.
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