Computational Intelligence in Electrical Engineering
Vol. 13, No. 3, 2022
Research Paper

An Intelligent Energy-Efficient Firefighting Strategy in Mobile
WSNs

Farzad H. Panahi *, Fereidoun H. Panahi 2

! Department of Electrical Engineering, Faculty of Engineering, University of Kurdistan,
Sanandaj, Iran
2 Department of Electrical Engineering, Faculty of Engineering, University of Kurdistan,
Sanandaj, Iran

Abstract:
With the increased scope of fires and the widespread destruction of the environment
and densely populated urban areas in recent years, researchers have investigated the
adoption of rapid and effective firefighting solutions, particularly those based on
wireless sensor networks (WSNSs). In fact, by evaluating various statistical data and
developing a new model of sensors, equipment, and intelligent technologies in a
fire sensor network, an effective step toward controlling frequent fires on a wide
scale and reducing environmental damage can be taken. In the proposed model, the
mobile sensors or firefighting robots based on a fuzzy Q-learning (FQL) algorithm
and using two learning strategies in the sensor network, namely partial and perfect,
could be used to surround fire in firefighting operations. We also formulate a
sensor mode selection strategy as an optimization problem to maximize the lifetime
of the energy harvesting-enabled WSN. Furthermore, we determine optimal upper
and lower bounds for the number of active sensors in the fire detection system,
guaranteeing that the target detection and false alarm probabilities are achieved.
Computer simulations show that using such a solution in the optimal selection of
moving sensors and determining the moving trajectory in rapid firefighting is
effective.
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BS Base Station
CH Cluster Head
DC Decay Coefficient
EEP Exploration-Exploitation Policy
EH Energy Harvesting
FQL Fuzzy Q-Learning
FIS Fuzzy Inference System
HetNet Heterogeneous Network
10T Internet of Things

MARL Multi-Agent Reinforcement Learning
MAS Multi-Agent Systems

PEL Perfect Learning Policy
PAL Partial Learning Policy

QL Q-Learning

RL Reinforcement Learning
SN Sensor Node

SE Square Error

TS Takagi-Sugeno

UWB Ultra Wide-Band
WSN Wireless Sensor Network
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