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Figure 1 (Color online) The state of the traffic light cycle.
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Figure 2 (Color online) Information processing under green light
state.
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Figure 3 (Color online) Information processing under red light state.
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preprocessing.
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Figure S Workflow of vehicle hierarchical control system.
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Figure 7 (Color online) (a) Vehicle displacement curve; (b) relative distance curve; (c) vehicle speed curve; (d) vehicle energy consumption curve.
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Optimal speed planning and collision avoidance control for electric
vehicles considering traffic lights

LIAO GuangLiang', ZHENG Ling”’, ZHANG ZhiDa™’, LI YiNong™ & YU YingHong™

" China Automotive Engineering Research Institute Co., Ltd., Chongqing 401122, China;
2 College of Mechanical and Vehicle Engineering, Chongqing University, Chongqing 400044, China;
? State Key Laboratory of Mechanical Transmissions, Chongqing University, Chongqing 400044, China

To reduce the energy consumption and avoid the risk of rear-end collisions for intelligent electric vehicles (EVs) during cruising
under urban conditions, a hierarchical control system for energy saving and collision avoidance for EVs considering the information
of traffic lights is proposed. The upper layer of the system plans the vehicle speed based on the aforementioned traffic information and
a vehicle dynamic model and obtains the reference speed sequence with the minimum energy consumption through online rolling
optimization; the bottom layer calculates the optimal acceleration of the vehicle in real-time along with the reference speed sequence
and multiobjective function and performs collision avoidance control. Finally, the simulation model of the control system was built
based on the Matlab/Simulink platform, and the effectiveness of the proposed control system was verified based on conditions of the
presence and absence of human-driven vehicles in front of the EV. The upper layer can realize the optimal reference speed in vehicle
speed planning according to the change in road traffic information and improve the energy consumption characteristics of the EV; the
collision avoidance control by the lower layer can calculate the optimal acceleration control input by combining the optimal reference
speed and the multiobjective function evaluation results. Thus, it is clear that the designed system can ensure energy-efficient, safe,
and stable driving of EVs.

electric vehicle (EV), traffic timing, power consumption, vehicle speed planning, active collision avoidance,
hierarchical control
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