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Abstract

Energy constraints and delivery reliability represent two major
challenges in wireless sensor networks within Internet of Things (IoT)
environments, making routing and energy consumption management
critical factors for ensuring network continuity and operational efficiency.
The LEACH protocol is one of the most prominent hierarchical clustering
protocols due to its ability to reduce node energy depletion through the
periodic selection of Cluster Heads (CHs). However, its performance is still
affected by the randomness of CH selection and the high cost of
reclustering when it is performed periodically. Accordingly, several
enhancements to LEACH have been proposed, among which LEACH-RLC
is a notable protocol. LEACH-RLC combines optimized cluster formation,
including the selection of Cluster Heads and their associated nodes using
Mixed-Integer Linear Programming (MILP), with adaptive reclustering
decisions based on reinforcement learning. Nevertheless, this protocol
assumes an ideal communication environment and a complete packet
delivery rate. Therefore, this research aims to improve LEACH-RLC in
order to preserve its performance and balance energy management with
delivery reliability under non-ideal network conditions. This is achieved by
enhancing the reward function and expanding the network state vector of
the reinforcement learning agent, based on Deep Q-Networks (DQN),
through the addition of eight new features that reflect link quality. The
results show that unstable communication conditions caused a clear
degradation in network lifetime indicators and packet delivery rate when
the original protocol was used. In contrast, the proposed enhanced version
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achieved improvements in network lifetime and delivery rate, along with a
reduction in the number of lost packets. However, this improvement
incurred an operational cost, represented by a slight increase in energy
consumption due to the higher number of control packets associated with
reclustering decisions when link quality deteriorates.
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