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Voltage Control for Active Distribution Network Based on Bayesian Deep Reinforcement Learning

ZHANG Xiao', WU Zhi', ZHENG Shu'*, GU Wei', HU Bo*, DONG Jichao®
(1. School of Electrical Engineering, Southeast University, Nanjing 210096, China;
2. NARI Group Corporation (State Grid Electric Power Research Institute), Nanjing 211106, China;
3. Dalian Electric Power Supply Company of State Grid Liaoning Electric Power Co., Ltd., Dalian 116001, China)

Abstract: The access of multiple distributed sources and loads leads to enhanced voltage volatility in the distribution network.
Meanwhile, the uncertainty fluctuation in the voltage of the upper main grid also affect the voltage characteristics of the distribution
network. In order to effectively deal with the voltage fluctuations of the main grid and the distribution network, this paper proposes
a multi-timescale voltage control framework for active distribution networks based on the combination of data-driven and model
solving. In the slow time scale, considering the voltage fluctuation of the main grid, a multiple-feeder environment with a non-
infinity system of the upper main grid is constructed, and the voltage control problem in this environment is modeled as an
adversarial Markov process. During the training process, the voltage of the main grid is perturbed with a projected gradient descent
algorithm. The Bayesian deep Q network algorithm is utilized to sense the voltage fluctuation of the upper main grid and realize the
fast control of taps of the on-load tap changer. In the fast time scale, the reactive power output of the photovoltaic inverter is
controlled based on the traditional second-order cone optimization method. The case results show that the method can accurately
sense the voltage fluctuation of the upper main grid, realize model-free voltage control of the distribution network in a very short
time, and ensure that the voltage of each node is maintained within the safety range.
This work is supported by State Grid Corporation of China (No. 5400-202328548A-3-2-ZN).

Key words: active distribution network; voltage control; multi-timescale; adversarial Markov process; projected gradient descent;

Bayesian deep Q network; deep reinforcement learning
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