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Fig.1 Structure diagram of battery swapping station
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Fig.2 Neural network structure diagram of

decision maker
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Fig.5 Number of batteries in four states when
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charging power is 6.6 kW
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Real-time scheduling strategy optimization for electric vehicle
battery swapping station based on reinforcement learning
ZHANG Wenxin',LI Ran',ZANG Xiangdil,YAN Jingruz,ZHU Jinyao3
(1. College of Electrical and Electronic Engineering,North China Electric Power University,Baoding 071003, China;
2. Electric Power Research Institute of State Grid Hebei Electric Power Company, Shijiazhuang 050022, China;

3. State Grid Shijiazhuang Electric Power Company,Shijiazhuang 050004 ,China)
Abstract: With the application and promotion of electric vehicles, the scheduling optimization of battery
swapping stations has gradually become a research focus. The traditional scheduling strategies based on the
predicted values of swapping demand are faced with some problems in practical application,such as being
difficult to adapt to dynamic interference factors and accumulation of prediction errors. In order to solve
these problems,a real-time scheduling strategy of battery swapping station based on Monte Carlo policy gra-
dient method with baseline is proposed to optimize the charging and discharging strategy and the number
of response batteries of battery swapping station. Monte Carlo policy gradient reinforcement learning with
baseline is proposed,and the appropriate state space and action space are selected for real-time scheduling
of battery swapping station. The reward function is designed to train the agent off-line, and the optimal
strategy network is learned from the battery state data,the time-of-use electricity price and the number of
queuing electric vehicles. The real-time scheduling strategy is tested on the basis of off-line trained model.
The effectiveness and economy of the proposed scheduling strategy are verified based on battery swapping
station’s service availability and economic benefit. The results of an example show that the proposed strategy
can play a certain role in peak load shifting of power grid.
Key words:electric vehicles;battery swapping station;reinforcement learning;policy gradient;time-of-use elec-

tricity price;real-time scheduling



B Al BUFEINERIELS
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Table D1 Related parameters of battery swapping station

ZH e
WEFMRIE p /P, 6.6 kW/6 kW
RIMREFE R [, 0.95/0.9
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Table D2 Probability distribution parameter for number of EVs arriving at station

B A i B A I B A I B A
00:00—01:00 0 06:00—07:00 6 12:00—13:00 52 18:00—19:00 43
01:00—02:00 0 07:00—08:00 15 13:00—14:00 45 19:00—20:00 28
02:00—03:00 0 08:00—09:00 6 14:00—15:00 40 20:00—21:00 20
03:00—04:00 0 09:00—10:00 11 15:00—16:00 24 21:00—22:00 15
04:00—05:00 0 10:00—11:00 16 16:00—17:00 36 22:00—23:00 7
05:00—06:00 0 11:00—12:00 40 17:00—18:00 41 23:00—24:00 0
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Table D3 Time-of-use electricity price

B IALEREER iV A H A/
[T (kW-h)'] [7G-(kW-h)']
(3 10:00—15:00, 18:00—21:00 1.0044 0.80
- 07:00—10:00, 15:00—18:00,
7 21:00—23:00 0.6950 0.56
5 00:00—07:00, 23:00—24:00 0.3946 0
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Fig.D1 Histogram of service reliability rate
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Table D4 Daily incomes under different battery sorting methods
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Fig.D2 Histogram of daily incomes




