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Virtual Flow Field and Mass-Spring-Damper Model
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Abstract: With the help of vehicle-to-vehicle communication, autonomous vehicles (AVs) can improve
road safety and traffic efficiency through collaborative driving. Among them, solving the congestion prob-
lem of bottleneck sections by using collaborative lane change has become a research hotspot. Therefore, a

method based on virtual flow field and mass-spring-damper (VFF-MSD) is proposed in this paper. By imi-
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tating the characteristics of fluid accelerating through the bottleneck and combining with virtual mass-
spring-damper model (MSD), the lane changing process of AVs is controlled to improve the traffic effi-
ciency of the bottleneck section. Specifically, the data of longitudinal velocity and lateral velocity of the
fluid was obtained by performing fluid simulation analysis on an established bottleneck of virtual road flow
field model. Based on these data, the AVs’ lane change strategies on the road were determined. Then we
established the projection of lane changing vehicles on the target lane, and virtual MSD model was estab-
lished between the projection and the AVs in the front and rear of the target lane. Appropriate spring stiff-
ness and damp parameters were selected to ensure the safety of cooperative lane changing process. Finally,
all AVs were controlled to pass through the bottleneck at maximum speed and appropriate safe distance.
Simulation result shows that the proposed algorithm can effectively alleviate congestion in multi-vehicle
scenarios, reducing the average driving time by 11. 52 s, increasing the average speed by 6.4 m/s, and im-
proving the traffic efficiency by 12. 17 %.
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