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Abstract

In this paper a dynamic nonlinear controller for lateral and yaw velocities is presented, for vehicles in which
the roll dynamics can not be neglected. The controller dynamics estimate the lateral velocity, the roll position and
the roll velocity. This technique is based on measurements of the longitudinal and lateral accelerations, longitudinal
velocity, yaw rate and steer angle, usually available in modern vehicles. The nonlinear controller ensures exponential
convergence of the estimations. Test maneuvers, obtained with the full-vehicle CarSim model under different road
adhesion conditions, have been used to check the controller performance, as well as its robustness with respect to

parameter variations and measurement noise.
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1. Introduction

In automotive the elimination of the mechanical links allows greater flexibility in the control of various subsystems.
Examples of subsystems controlled “by—wire” are the steer—by—wire, brake-by—wire, et cetera. More in general
this technology, mutando mutandis, can be applied to vehicle chassis active control systems, developed to enhance
vehicle stability and handling performance in critical situations, simplifying at the same time the design of active
controllers [1]. Examples include yaw stability control systems [2], roll stability control systems [3], and integrated
vehicle dynamic control systems [4]. These active devices modify the vehicle dynamics imposing forces or moments
to the vehicle, see e.g. [5]. In the next future, the active systems will possibly use more sensors than those actually
available onboard, allowing precise and distributed measurements from the environment, especially of the tire—road
friction [6]. All these new sensors will increase the performance of the control action, the vehicle stability, and the
safety and comfort of the driver.

This paper deals with the design of an integrated active controller, with Active Front Steering (AFS) and Rear
Torque Vectoring (RTV) as controls. Three aspects are here taken into account: the integrated design of an AFS/RTV
control, the vehicle roll dynamics control, and the reconstruction of unmeasured variables. Works on these aspects can
be found in literature, as discussed hereinafter, but to the best of the authors’ knowledge no work is available dealing

these three issues simultaneously. This represents the main contribution of this paper. The interest in these three
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