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Fig.2 Bimorph piezoelectric vibration energy
harvester with flexible 3Dmeshed-core structure for low
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Introduction

Energy consumption and congestion in urban road
transportation are the major concerns over the world.
Ecodriving is an efficient way of controlling vehicle motion
by adapting to the traffic trends in order to improve energy
efficiency for the same travel distance. The most important
information for realizing ecodriving is the anticipation of the
preceding traffic. The vehicle- to-vehicle/infrastructure (V2X)
communication is expected to enhance the perception of a
vehicle over a longer range, and a cooperative ecodriving for
the automated vehicles, as the concept shown in Fig. 1, can
be developed for improving both the energy consumption and
traffic flows.
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Fig.1 : Concept of cooperative ecodriving of connected
automated vehicles using V2X communication.

Cooperative Ecodriving Scheme

A model predictive control(MPC)framework is considered
for computing the control input of automated vehicles(Fig.
1). In the framework, using information received via V2X
communication from the traffic and road infrastructure, the
state of the preceding vehicle is predicted in a finite horizon
of a few seconds. Next using the energy consumption model
of the vehicle, an optimization problem over a finite horizon
is solved to compute a set of control inputs that minimizes
the performance index. Specifically, the performance index
includes the costs related to inefficient driving(e.g., deviation
from the set speed, aggressive acceleration or braking)and
risks related to unsafe driving. The optimal control input
corresponding to the current time is then applied to the
vehicle, which is also conveyed to the following vehicles.
Such sharing of control input enables precise prediction of
the preceding traffic. The process is repeated in a fraction of
second to incorporate feedback and overcome any sensing
errors or model inaccuracy.

The scheme has been applied on ten vehicles initially idling
at an intersection for a travel of about 600 m, where they join
a queue due to red signal at the next intersection. In contrast
to traditional driving, the cooperative ecodriving vehicles
could reduce the acceleration and braking significantly as
shown in Fig. 2. Ecodriving vehicles quickly speed up from
the queue but gradually reach the maximum speed, and they
slowly join the queue with low deceleration by utilizing the
kinetic energy before the stop. The improvement in fuel
efficiency and queue departure behavior of these vehicles are
compared in Fig. 3. The tenth vehicle left the intersection

about 2.5 s earlier, which can be interpreted as an increase
in the effective green time, and consequently, a capacity
improvement of about 6% of the intersections with signal
cycle of 90 s.
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Fig.2 : Behavior 10 vehicles (#1 leading one) leaving a queue at an
intersection, and then stop at red signal in the next intersection.
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Conclusion

Connected-automated vehicles with cooperative ecodriving
have the potential to alleviate congestion, reduce energy
consumption and emissions. Cooperation can be extended
for merging, lane change, and other complex tasks. High
penetration of such vehicles may ensure sustainable road
transportation in realizing the expected smart society.
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