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Abstract

Wireless Sensor Networks (WSNs) have become a vital component of modern intelligent systems,
enabling real-time monitoring in fields such as environmental surveillance, agriculture, healthcare,
and smart infrastructure. However, due to the limited energy resources of sensor nodes, maximizing
the operational lifetime of such networks remains a critical and challenging task. Effective energy
management is crucial for prolonging the operational lifespan of wireless sensor networks (WSNis)
that include a substantial number of sensors. Simultaneously activating all sensors results in a fast
depletion of energy, thus diminishing the overall lifespan of the network. This thesis addresses the
Maximum Coverage Set Scheduling Problem (MCSSP), a combinatorial optimization problem that
involves selecting and scheduling subsets of sensors to ensure continuous coverage of a target area
while minimizing energy consumption.

The research begins by formally modeling the MCSSP, incorporating realistic constraints such as
sensing range, battery capacity, and activation time. Several optimization approaches are explored to
solve this NP-hard problem. First, a Pattern Search Algorithm (PSA) is proposed to locally optimize
sensor schedules based on neighborhood exploration. Next, a Genetic Algorithm (GA) is developed
to evolve efficient activation strategies using bioinspired mechanisms. This is followed by a Particle
Swarm Optimization (PSO) method, which explicitly models active and standby energy usage to
provide a more balanced energy consumption profile. Following this, the thesis introduces a
supervised machine learning framework, leveraging models such as XGBoost to predict sensor
lifetime and inform adaptive scheduling decisions in dynamic environments. This work offers a
comparison of the performance of the proposed approaches by looking at how well they operate in
extending the lifetime of the network. The performance of the suggested approaches is assessed
through simulations, and comparisons to the other algorithms exist in the literature. The results
indicate that our approaches not only maximize network lifetime, but also enhance the efficiency and
efficacy of solving the MCSS problem. These methods represent a significant improvement in the
management of energy consumption in WSNs

Keywords: Optimization; Maximum Network Lifetime; Wireless Sensor Network; Coverage; Sets
Scheduling; Genetic Algorithm; Pattern Search Algorithm; Particle Swarm Optimization; Machine
Learning; supervised; XGBoost.



