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Energy management strategy of electric vehicle charging station
based on Markov decision process
HUANG Shuaibo,CHEN Bei, GAO Jiangyu
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Shanghai 201620, China)

Abstract: As the grid-connected distributed energy storage devices, the EVCSs (Electric Vehicle Charging
Stations) are the important part of realizing the deep integration of EVs(Electric Vehicles) and the future
energy Internet. Considering the time-of-use electricity price and the uncertainties of EV users’ behavior,
an energy management strategy is proposed to minimize the daily EVCS operation cost. In order to reduce
the dependence and constraint on prior information, the optimization problem is modeled as a new finite
round MDP(Markov Decision Process) model. Based on the traditional cost model,the reward and punishment
return function is proposed,and the real-time charging and discharging behavior of each EV is obtained by
actively learning the scheduling decision. Aiming at the high-dimensional state space problem of the model,
the corresponding state space and action space are designed. A method of combining the convolution neural
network structure with reinforcement learning is adopted to extract high-quality experience from the original
observation data and obtain the optimal scheduling strategy to achieve the optimization objective. Simulative
results show that compared with the traditional charging strategy,the proposed strategy can effectively reduce
the daily EVCS operation cost, protect the battery of EVs,and meet the charging demands of EV users.
Key words:electric vehicles;charging station;charging planning; Markov decision process;energy management;

deep reinforcement learning
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Table A1 Pseudo-code of DQN algorithm

Algorithm: ~ DQN Algorithm for the finite-horizon MDP mode

Input: N; A;y; & : Q structure; samples; ¢
output: O-network parameters; The optimal strategy z” / Q°
1: for episode =1...N do
2: Randomly initialize O network parameters
3: fori=1...Tdo
4: Initialize S; in St to get its feature ¢@(s,) enter the O-network

to get the Q table

5: With probability ¢ select a random action a,
6: Otherwise select @, = max Q"
7: Execute ar and get S corresponding  ¢(s,,,) and r;

whether to terminate the symbol end

8: Store (S,,4,RS

\.,»end) in memory

9: S =S
10: Sample random minibatch of (S,,4,,R,S

t

.;,end) from D,

get O reality value y;

11: if end = True : Set y;=1r;
12: Else sety;=r;+ ymax Q(s,,,, a;,,,®)
13: Perform a gradient descent step on ()’, -Qfs‘/,a/,w))z (loss)Q

Reality-Q estimate
14: if end = True :
15: break

16: Else Repeat from step 5 and Return Q network

Mis% B

%= Bl EV APs¥

Table Bl Parameters of EV users

EV %i 5 FE TG I ] A L K /h FE L HL /(KW h) ALt E AR BE /%
1 9:03 5.08 10.45 12
2 8:24 6.29 8.35 5
3 10:04 6.88 12.5 8
4 10:04 4.64 13.38 10
5 9:00 0.37 1.72 7
6 8:07 10.09 7.64 13
7 10:15 10.18 17.31 20
8 12:23 17.11 12.28 13
9 9:15 11.17 1.84 9
10 15:04 5.69 15.37 6

1000 17:15 14.98 12.52 3
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Table B2 Simulation parameter setting

ZH Hift ZH il 24 il
y 0.8 At 1h T 24h
a 0.002 E’ 20 B 0.001
5 0.0001 » 3kW n, 0.95
J [0,40] N [0,200] & 0.1

#= B3 HBETEMN

Table B3 Time-of-use electricity price

I B I3 A /(I8 (kW h) ']
Vg R B 10:00—14:00, 17:00—20:00 0.675
P B 07:00—10:00, 14:00—17:00, 20:00—23:00 0.425
A B 00:00—07:00, 23:00—24:00 0.235
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Fig.Bl Comparison of cost training results



