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Abstract
In the past several years, strong efforts have been put forward to derive accurate mathematical
models of two-wheeled vehicles [1, 2]. Accurate simulation of two-wheeled vehicle dynamics is
often not enough; a model of the driver is also required to study the response on the vehicle during
demanding maneuvers.
The literature on two-wheeled vehicle rider models is recent [4, 7, 8]. In most cases a two-layer
controller is adopted: an external control law computes the control input that would track the
reference ground trajectory, and an inner controller stabilizes the dynamics. In [5, 6], an extra
step is added where an optimal trajectory is computed. The Optimal Maneuver Method is used to
compute the reference ground path and speed to be followed. The reference optimal trajectory is
then stabilized using two independent loops for controlling speed and lateral deviation. Currently
the optimization phase, because of computational limitations, can be carried out only on a simplified model. To simulate the maneuver on the complete model, the optimal maneuver is computed
on the simplified model and then the inner stabilizing loop is used to track the reference on the
complete model. This approach is successfully applied in many conditions; but as the maneuvers
become more extreme (with hard accelerations and high lean angles) the inner PID controllers
cannot track the reference in a satisfactory way.
The scope of the present paper is that of improving the above internal controller by using a gainscheduled roll-angle controller. Accordingly, it will be assumed to have an optimal roll angle
reference.
By linearizing the complete nonlinear model around different values of forward velocity and lateral
acceleration, it can be noted that the transfer function from steering torque to roll angle is subject
to a strong variability. The velocity mainly affects the weave and wobble modes and the lateral
acceleration affects the low frequency gain. A fixed structure controller has to compromise the
achievable performance in order to cope with the time-variability of the system. Given these
premises, a Linear-Parameter-Varying (LPV) approach [3] represents a good solution as it provides
tools to design scheduled controllers which are guaranteed to retain stability and performances.
Two controllers are designed: a fixed structure H∞ controller and an LPV controller. The use of
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the H∞ design tools enables a fairer comparison as the two controllers optimize the same cost
function. The LPV controller is designed using a grid-based technique; in particular a dual grid
synthesis is employed in order to improve the numerical properties of the final controller without
increasing the computational complexity.
Figure 1 plots the responses of the two controllers to a roll angle reference that simulates high
speed cornering. The motorcycle enters the corner at constant speed, when the apex of the corner
is reached the motorcycle is accelerated to full throttle. A maximum lean angle of 60◦ is reached.
The LPV controller successfully negotiates the maneuver whereas the fixed structure controller
cannot stabilize the system during the acceleration phase.
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Figure 1. Simulation results of a cornering maneuver carried out with the two discussed
controllers. Applied steer torque (left) and roll angle (right).
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