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This dissertation presents statistics-based drive mode control on real-time fuel economy
optimization in plug-in hybrid electric vehicles (PHEVs). This study focuses on reducing fuel usage
in situations where energy demands along a planned route are stochastically estimated by driving
data.

First, a driving-route model and PHEV energy consumption maps are newly developed for real-
time fuel economy optimization in PHEVs. The driving-route model allows us to predict fuel and
electricity demands on the planned route by applying the energy consumption maps relating to the
drive modes. These models lead to formulate an integer linear programming problem deciding the
drive modes for reducing fuel consumption. In addition, this dissertation provides an experiment
system for validation. The experimental validation indicates that this approach can improve fuel
efficiency compared with that of a conventional method.

Secondly, a risk-aware drive mode control method is proposed. The risk-aware method evaluates
the risk of high energy consumption based on the conditional value at risk (CVaR) and the entropic
value at risk (EVaR) derived from Chernoff’s inequality. The CVaR quantifies the high fuel
consumption expected in the tail of probability distributions as a cost function. The EVaR bound
constraint gives stochastic constraints of electricity capacity based on the cumulant-generating
function. Each risk evaluation is formulated as a mixed- integer exponential cone programming
problem. The proposed method is also demonstrated via numerical simulations with real-world
driving cycles.

Finally, an emissions reduction framework is studied. The drive mode control of PHEVs
practically requires a catalyst converter to have a high temperature before starting the engine for the
emissions reduction. To address the issue, this work proposes an optimization framework of the drive
mode control embracing a catalyst model. The newly developed temperature model employs a mixed
logical dynamical system representation to lessen the computational burden. The proposed framework
is verified by numerical simulations with real-world datasets. The simulation results exhibit that the
framework improves fuel efficiency than that of a commercial strategy even under a strict but realistic
requirement.
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