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Abstract : This paper presents different methods of model predictive control(MPC) for optimal decision-making on EV
charging and speed planning. The goal of high-level planning is to minimize trip time and energy consumption for which EV
charging planning, i.e., knowing where it will be charged and how much charge it needs, is explicitly considered, as well as
energy-efficient speed planning. We propose both non-convex and convex optimization problem formulations for
MPC-based, high-level planning of vehicle speed and charging in a spatial domain. A problem in linear MPC is presented as
a convex quadratic programming approximation(i.e., convexified quadratic program) of the original nonlinear MPC. In the
proposed linear MPC, the square of the vehicle speed is considered as a state variable, battery dynamics is simplified, and the
powertrain constraint is convexified. To assess the conservatism of a convexified MPC problem and its solution, we will
compare the performances of nonlinear and linear MPC solutions in a driving simulation of a Munich-Cologne trip (573 km)
with four charging stations. The optimality of a linear MPC is shown as comparable to nonlinear counterparts, whereas its
computation speed is one order of magnitude faster. This implies that the proposed linear MPC can be also used in short-term
replanning, in which improved energy efficiency and increased reduction in trip time could be achieved in real driving
conditions.

Key words : Eco-driving(7d #| 5= 3}), Electric vehicles(% 7] A-5-2}), Speed planning(<- 1= 7] &), Charging plannlng(z:’
A1 &), Optimal control(Z 4 A ©]), Model predictive control(X-2 ol =4 ©]), Nonlinear programming(¥]/d 3] 7] &H),
Quadratic programming(©] %} 4] € H)

Nomenclature s(7) : travel distance or distance index at time 7, km
. a : road slope, de
m : vehicle mass, kg _ pe; deg
W) : vehicle speed, m/s f’ : maximum force limit, N
. P : maximum power limit, N
F : force, N N p >
. . 3 Tenk  :charging time at location £, sec
Da : mass density of air, kg/m’ ging '
. . K : a set of index where the charging station is located

Cy : aerodynamic drag coefficient
Ar : frontal area of the vehicle, m*

g : gravitational acceleration, m/s” Subscripts

C : rolling resistance coefficient m : motor (traction)
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b : brake
elec  : electric (power, force)
mech : mechanical (power, force)
ch : charging
cap : capacity
w : wheel
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Table 1 Vehicle parameters for simulation

O|¢#d -

Symbol Description Value
m, Vehicle mass 1350 [kg]
e Mass factor 1.06 [-]
Ay Frontal projected area of vehicle 2.38 [m?]
Pa Air density 1.206 [kg/m’]
Ca Air drag coefficient 0.29 []
¢ Rolling resistance coefficient 0.01 [-]
_,,L Maximum traction force 5 [kN]
F, Maximum braking force 10 [kN]
Eeop Battery’s energy capacity 37.9 [kWh]
P, Maximum charging power 50 [kWh]
v Minimum vehicle velocity 30 [km/h]
v Maximum vehicle velocity 150 [km/h]
< Minimum SoC 0.1[-]
¢ Maximum SoC 0.91[-]
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