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Ecological driving strategy at signalized intersections in a connected and
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Abstract: [Purposes] To address the issue of additional fuel consumption and exhaust emissions
caused by vehicle stops at signalized intersections, this study proposed a collaborative optimization
method for vehicle trajectories and signal timing in a connected driving environment. [ Methods]
For vehicles approaching an intersection from upstream, a vehicle trajectory optimization model
was established based on a piecewise quadratic function, with constraints on speed, acceleration,

and safety, aiming to minimize the total fuel consumption of all vehicles. Within the intersection
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control area, a signal timing optimization model based on dynamic programming was constructed ,
aiming to minimize the average travel time of vehicles. Moreover, a collaborative mechanism
between the two optimization models was proposed to achieve the collaborative optimization of
vehicle trajectories and signal timing. [Findings] By taking a four-phase intersection as an
example, the model proposed in this paper is tested and validated. The trajectory optimization
model is solved in two ways: Scheme 1 uses the extreme acceleration (EA) method, where
acceleration is set to a fixed maximum value as a baseline for comparison. Scheme 2 uses the
optimal trajectory (OT) derived from the trajectory optimization model. In the experiments, both
fixed signal timing and dynamic programming-based signal timing are applied for comparison of the
two schemes. Under high saturation conditions, the dynamic programming method with the OT
scheme reduces the average vehicle delay by 7.51% and fuel consumption by 18.75%, and it
improves driving comfort by 96.55% compared to the fixed signal timing with the EA scheme.
[ Conclusions] The findings of this study provide valuable reference for ecological driving at
signalized intersections in connected and autonomous driving environments.
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Fig. 1 Vehicle trajectory illustration(color online )
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