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Q-Learning Based Relay Selection Policy for Multi-Relay
Cooperative Networks with Energy Harvesting
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Abstract: To tackle the issue of poor outage performance in multi-relay cooperative communication
networks with solar energy harvesting (EH), an optimization method for joint relay selection and power
allocation policy is proposed based on reinforcement learning theory. First, a stochastic EH model based
on measured solar irradiance data is adopted to mimic the dynamic status of solar EH. Then, the
Markov decision process model of the multi-relay cooperative networks with solar EH is established, to
define the action space, state space, reward function, transmission policy, and value function. Finally,
the learning and optimization procedure of the transmission policy is designed by exploiting the Q-
learning algorithm, which specifies the action selection, system state transfer and Q-value updating in a

single-step of the learning procedure. This optimization method enables the dynamic selection of a
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single relay and its corresponding transmission power for signal forwarding based on the solar EH
status, the wireless channel fading and the battery power of all EH relays, so as to optimize the outage
probability of information transmission. Moreover, the impact of the network parameters on the outage
performance is analyzed in computer simulation experiments and a saturation structure for the outage
probability is revealed. In addition, simulation results demonstrate that, compared with the DQN
algorithm, the proposed method can achieve 3~5 dB of signal-to-noise ratio (SNR) gains within the
outage probability ranges of 10°~107°. Compared with the Actor-Critic and SARSA algorithms, the
proposed method can achieve 2~3 dB and 3~7 dB of SNR gains within the outage probability ranges of
10°~107.

Keywords: energy harvesting; cooperative communication; relay selection; outage probability; Q-

learning
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