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An emergency dispatch strategy for faulted transportation electrification coupled networks based on safety-

guided graph reinforcement learning

Qiang Xing, Jianting Tang, Hui Ge, Guoli Zhang

Nanjing University of Posts and Telecommunications College of Automation, Nanjing, Jiangsu

[ Abstract] To address the recovery challenges of transportation electrification coupled networks under sudden faults,
this paper proposes an emergency dispatch strategy for faulted coupled networks based on safety-guided graph
reinforcement learning. Firstly, a double layer recovery framework for faulted coupled networks is constructed: the upper
layer implements distribution network switch reconfiguration and traffic tidal lane regulation to define the boundaries of
traffic flow and power grid power; the lower layer leverages the optimized traffic conditions from the upper layer to guide
electric vehicles to target charging stations and utilizes mobile energy storage to offset the power grid load gaps. Secondly,
the Graph Attention Network(GAT) is adopted to characterize the state propagation and traffic flow evolution processes of
the power-traffic-charging station, accurately mining the topology-embedded fault feature information of the coupled
network. Then, a modified Dueling Double Q-Network(MD3QN) algorithm is utilized to solve the optimal dispatch
strategy including distribution network switch reconfiguration sequences, tidal lane regulation commands, and charging
station guidance decisions. A reward mechanism considering Lagrange safety constraints is established to guide the agent
to actively avoid unsafe actions, and a guided learning mechanism based on mixed-integer linear programming(MILP)
expert knowledge is developed to improve the initial exploration efficiency of the strategy. Finally, simulation results show
that the proposed strategy effectively improves the fault recovery efficiency, reduces the power loss of distribution network
and traffic congestion, meets the multi-dimensional physical safety constraints, and significantly improves the fault
emergency resilience of the coupled network.

[ Keywords] Transportation electrification coupled networks; Emergency dispatch strategy; Graph reinforcement

learning; Lagrange safety constraints; Guided learning mechanism
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