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Clustering routing protocol optimization based on Sparrow Search Algorithm
with a hybrid strategy

LIU Ye, HAN Bingqing

(School of Computer Science, Nanjing Audit University, Nanjing 211815, China)

Abstract: Aiming at the issues of high randomness in cluster head election and uneven energy consumption in the Low Energy
Adaptive Clustering Hierarchy (LEACH) protocol, an improved algorithm integrating intelligent optimization and chaotic theory -
LEACH-PBSSA is proposed. The population initialization is implemented through Piecewise chaotic mapping, which fully utilizes
the ergodicity and randomness of chaotic sequences to improve the diversity of the initial solution space. In the discoverer update
phase of the sparrow search algorithm, the odor-guided mechanism from the butterfly optimization algorithm is incorporated to
establish a hybrid position update strategy, and a nonlinear weight function is applied to dynamically balance global exploration and
local exploitation capabilities. Additionally, the fitness function is enhanced by comprehensively considering four critical factors—
node energy, density, distance, and historical load—to optimize cluster head selection. The simulation results demonstrate that
compared with the LEACH, PEGASIS, and FIGWO protocols, this algorithm can effectively prolong the network lifetime, reduce
node energy consumption, and enhance network load balancing.
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