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Fig.1 Temporal and spatial distribution prediction

model framework of EV charging load
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Fig.2 Prediction framework of wind power
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Electric vehicle charging navigation method based on
hierarchical reinforcement learning
ZHAN Hua',JIANG Changxu®,SU Qinglie'
(1. Automotive College,Fujian Chuanzheng Communications College ,Fuzhou 350007, China;
2. College of Electrical Engineering and Automation, Fuzhou University, Fuzhou 350108, China)

Abstract: In order to effectively solve the problem of EV (Electric Vehicle) charging destination optimiza-
tion and charging path planning, as well as the online real-time decision making problem of EV charging
navigation, a double-layer stochastic optimization model for EV charging navigation considering a variety of
uncertainty factors is established, and an EV charging navigation method based on HEDQN (Hierarchical
Enhanced Deep Q Network) is proposed. The proposed HEDQN algorithm adopts double competitive deep
Q network algorithm based on the Huber loss function, including two layers of eDQN (enhanced Deep Q
Network ) algorithms. The upper eDQN is used to optimize the EV charging destination. On this basis,
the lower eDQN is utilized to optimize the EV charging path in real time. Finally, the proposed HEDQN
algorithm is simulated and verified in a city transportation network. The simulative results illustrate that
compared with the nearest recommendation algorithm based on Dijkstra’s shortest path,single-layer deep Q
network algorithm and traditional hierarchical deep Q network algorithm, the proposed HEDQN algorithm
can effectively decrease the EV charging cost,so as to realize the online real-time EV charging navigation.
In addition, the adaptability of the proposed HEDQN algorithm is verified after the simulation environment
changes.

Key words: electric vehicles; hierarchical reinforcement learning; charging navigation; path planning; deep

reinforcement learning;real-time decision making

(4% 226 W continued from page 226)

Multi-objective distributed cooperative optimization of hybrid AC / DC distribution
network considering EV load-wind power heterogeneous scenario sets
LIU Yan',ZHANG Yachao',ZHU Shu?,XIE Shiwei'
(1. School of Electrical Engineering and Automation, Fuzhou University, Fuzhou 350108, China;

2. Dispatching and Control Center of State Grid Hunan Electric Power Co.,Ltd.,Changsha 410004, China)
Abstract: The large-scale access of EVs(Electric Vehicles) and distributed energy has posed great challenges
to the safe and economic operation of distribution networks. Considering that HADDN (Hybrid AC / DC
Distribution Network) has the characteristics of high flexibility and controllability and significant partitioning
features, a distributed cooperative optimization method of HADDN active and reactive power considering
the dual uncertainties of source side and load side is proposed. Firstly,the EV charging load-wind power
scenario generation method is proposed, which comprehensively considers the traffic topology structure, the
residents’ travel behavior and the interval difference of wind power prediction error. The optimal scenario
reduction algorithm based on Wasserstein distance is used to generate typical probability scenarios. Secondly,
the stochastic optimization model of HADDN is established to minimize the network loss and node voltage
deviation. Then,the objective decomposition and region decoupling of the proposed multi-objective optimiza-
tion model are performed, and the alternating direction method of multipliers based on the objective value
exchange principle is used to solve the above model. Finally, the effectiveness of the proposed method is
verified by a numerical example.

Key words:hybrid AC / DC distribution network;electric vehicles;wind power;distributed cooperative optimi-

zation; alternating direction method of multipliers ;stochastic optimization
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Table F1 Device access point
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Table F2 Parameters of ESS
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Table F3 SVG parameters
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Table F4 Trip chain probability
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Table F5 EV power consumption per km

I Bt FEEE/(KW-h-km™)
FLE14(07:00—09.00) 0.26
45 (12:00—14:00) 0.32
M5 73 068 (17:00—19:00) 0.28

HoAth i B 0.35




MisR G

- 75 LR
— 4RI
— AR ]
AT YR

(a) AR EATREE
— ]
soc —
09 i

| | | |
| [ | |
| | | |
| [ | |
| | | |
———————— - | |
| [ | |
| | | |
| | | |

0 V838 8:519:069:18 10%2};v 17:06 17131 18:34 Y 24:00
(b)HBBhIRZESOC
B Gl EV KAz %45

Fig.Gl Temporal and spatial transfer characteristics of EVs

o o
) w

75 HL A e MW
I

25 29

w240

G2 FEHERESH
Fig.G2 Temporal and spatial distribution of charging load

AT T

=Gl BEEBERI

Table G1 Comparison of scenario reduction results
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