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Abstract: Motivated by the increasing dependence of many systems on battery energy (e.g.,
wireless sensor networks, mobile robots, electric vehicles), we will discuss the problem of
optimally controlling how to discharge and recharge a non-ideal battery so as to maximize the
work it can perform over a given time period and still maintain a desired final energy level.
Modeling a battery as a dynamic system, we adopt a Kinetic Battery Model (KBM) and
formulate a finite-horizon optimal control problem. The solution is shown to be of bang–bang
type with the property that the battery is always in recharging mode during the last part of the
interval. We then extend the problem to settings where recharging is only occasionally feasible
and show that it can be reduced to a nonlinear optimization problem. We further study the
problem of optimally controlling a set of non-ideal rechargeable batteries that can be shared to
perform a given amount of work over some specified time period. In this case, we seek to
maximize the minimum residual energy among all batteries at the end of this period. We show
that the optimal solution must result in equal residual energies for all batteries as long as such
a policy is feasible. This simplifies the task of subsequently deriving explicit solutions for the
problem.
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