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Wireless Sensor Networks (WSNs) have been developed and extensively
applied in environment monitoring. WSNs can be used to monitor and collect various
physical attributes within a specific area or environment of interest. However, WSNs
have limited power sources and must be extremely small, therefore their battery
capacity constraints are much higher. To alleviate such limitation, multiple sensor
networks can coexist independently within a region of interest without conflicting each
other in order to share resources. Such networks are referred to as overlay WSNs.

These networks can potentially gain certain benefits such as alternative routing paths, reduced
energy consumption, thereby prolonging their network lifetime. However, selfish behaviors
may exist among sensor nodes to conserve their energy. Thus, cooperation between sensor
nodes belonging to different network authorities may not always be readily available.
Therefore, the main focus of this research is how to determine packet forwarding strategies
which are beneficial to all networks under constrained resources in overlay WSNSs.

The underlying aim of this research is therefore to propose the Nash Q-learning
and the Pareto Q-learning, which are multiagent reinforcement learning algorithms in

a packet forwarding game in non-cooperative overlay WSNs. The contribution of this



research are three-fold. The first contribution is the application of NashQ and ParetoQ
algorithms to achieve the best mutual packet forwarding strategy in non-cooperative
overlay WSNs with the MDP formulation. The second contribution is the extension of
the ParetoQ algorithm from the MDP formulation to the radio energy model. The final
contribution centers on the incorporation of Pareto optimality with the Non-
cooperative game algorithm and its application to the packet forwarding game.

The experiments show that the proposed algorithms can obtain the best mutual
strategy by learning packet forwarding strategies online, as opposed to the offline exhaustive
search in an existing Non-cooperative game theoretic approach. The proposed algorithms
require significantly less computational time to obtain a strategy than the Non-cooperative
game algorithm while achieving higher utility and higher robustness to dynamic environments
(i.e., changing topology and path loss exponent) owing to its inherent online learning process.
Thus, the proposed approaches are more adaptive to environmental changes yet less

computationally demanding in the long run.
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