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Abstract

The application of Wireless Sensor Networks (WSN) in unique linear topologies, such as fully mech-
anized coal mining faces, presents significant challenges to data transmission efficiency and net-
work lifetime. The classic LEACH protocol, due to the randomness of its cluster head selection, fails
to consider the residual energy and geographical location of nodes, leading to imbalanced energy
consumption and a shortened network lifetime. To address this issue, this paper proposes a
Weighted Election Routing Protocol (WERP). In its cluster head selection phase, WERP introduces a
weighted model that combines the node’s residual energy with its distance to the base station. A
weighting factor, a, allows for flexible adjustment of the importance between energy and distance
in the election decision. To validate the protocol’s performance, a simulation environment highly
representative of alinear coal mining face topology was developed in Python. A comprehensive per-
formance comparison was conducted between WERP (with a = 0.8 and a = 0.2 configurations) and
the classic LEACH protocol. The simulation results indicate that WERP (a = 0.8), which places
greater emphasis on energy balancing, excels in prolonging the network lifetime, delaying the first
node death by approximately 25% compared to LEACH. Conversely, WERP («a = 0.2), which priori-
tizes energy efficiency, demonstrates superior performance in terms of the overall energy con-
sumption of the network. Furthermore, an in-depth analysis of total energy consumption, load bal-
ancing, and energy distribution confirms that the WERP protocol can significantly enhance energy
utilization efficiency, intelligently assign communication loads to optimal nodes, and effectively ex-
tend the stable operational period of the entire network.
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Figure 1. Energy consumption model
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Table 1. Simulation parameters
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Figure 2. Network topology
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Figure 4. Average energy comparison
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