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Energy-Saving Optimization Approach for Cooperative Control
of Metro Train

HUANG Deqing', CAI Hanlin®, WANG Qingyuan', JIANG Ming’, JIN Bo',
CUI Jianuo®

(1. School of Electrical Engineering, Southwest Jiaotong University, Chengdu Sichuan 610031, China;
2. Graduate School of Tangshan, Southwest Jiaotong University, Tangshan Hebei 063000, China;
3. CRSC Research &. Design Institute Group Co., Ltd., Beijing 100070, China)

Abstract: To reduce the total operation energy consumption of metro system, an optimization approach for
cooperative control of metro trains under timetable constraints is proposed considering the maximum utilization
of regenerative braking energy. Firstly, through a time-domain equivalent segmentation rule of working
diagram, the optimization range on time is narrowed. Combined with the time distribution characteristics of the
unused regenerative energy in electricity supply intervals, the inter-stations for each train in which the operation
energy consumption should be reduced are selected to obtain a series of sub-problems for optimizing the train
control strategy in the inter-station. Then, for each sub-problem, an optimal energy-saving control model for
single train with explicit external power is established, and a dynamic programming algorithm for optimization in
a non-uniform discrete three-dimensional state space is used to precisely solve the model. Finally, both the train
control strategy and the total power of the train group in the electricity supply interval are updated, to achieve
the overall cooperative optimization by iteration. An electricity supply interval of Beijing Yizhuang Line is
served as an example to verify the effectiveness of the proposed optimization approach for cooperative control.
The results show that the proposed approach can reduce the total operation energy consumption by 4.01%,

compared with the operation mode with minimum total traction energy consumption before optimization.

Key words: Metro system; Operation energy consumption; Regenerative braking energy; Cooperative control;

Dynamic programming
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