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Electric Vehicle Propulsion and Control

Integrated Battery and Regenerative Braking
Control on Connected HEV

Hybrid electric vehicles (HEVs) are more energy efficient and cleaner than conventional vehicles.
Recently, the implementation of connected and automated driving system has been applied to HEVs to
further reduce fuel consumption with the improvement of safety and traffic congestion.

However, connected and automated hybrid electric vehicles involve several technical challenges. Among
them the battery thermal management is crucial because battery packs have to operate within a certain
temperature range to ensure safety, optimum performance, and long service life. A crucial problem of the
connected and automated hybrid electric vehicles is that the Lithium-ion batteries are highly
temperature-sensitive and may be premature aging at high working temperatures.

In [7] it is presented a simulation study of various electric vehicle types and compare the performance
when driving on real-road drive cycles to highly optimized eco-driving cycles using advanced CAV
technologies, in particular it is shown that eco-driving provides a larger reduction in the conventional
vehicle’s braking energy loss.

m Goals

In the literature, several studies have been conducted in recent years on the management of battery
(see [1], [2], [3], [4], [5], [6]) in electric or hybrid vehicles. With the technological advancement of
vehicle-to-vehicle (V2V) and vehicle-to-infrastructure (V2I) there will be various information available
that can be used to achieve even more refined goals. Several control problems can be faced related
to battery use in a scenario with connected HEVs. A goal can be linked to maximizing the life of a
battery on the basis of a mathematical model of life, some characteristic magnifications in some
operating ranges. Having an arrangement of the information of nearby vehicles, it is possible to use
this data to minimize consumption by satisfying the driver's requests for comfort and travel
objectives, as well as manage the charging and discharging times of the battery.

Morever, in recent research (see [8], [9]) has shown how control strategies in electric vehicles can
be useful for improving the efficiency of the regenerative system in terms of energy and efficiency.
The idea of improving the performance of the regenerative brake system in hybrid electric vehicles
from an energy point of view through the use of information from nearby vehicles is a challenge that
goes between the various objectives that the connected vehicle system poses.

A research challenge of the future will be to control in an integrated and coordinated way, optimizing
both battery life and recovered energy

m Requirements

You should have a good understanding of Hybrid Electric Vehicles models, Battery models, Automatic
Control Theory, Connected Vehicles, MATLAB-SIMULINK.
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