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Abstract: Steer-by-wire (SBW) is a key technology for advanced intelligent driving, yet its tracking
accuracy and control performance are hard to guarantee under multiple uncertainties and input
constraints. To address this issue, a novel cooperative fault-tolerant control method integrates robust
guaranteed performance control and feedforward regulation is proposed. First, an SBW simulation
model considering system parameter perturbations, external disturbances, actuator faults, and input
constraints is established. Then, multiple uncertainties and faults within a certain range are incorporated
into a unified control design framework. By defining a quadratic performance index and solving the
guaranteed performance control law via linear matrix inequalities (LMI), the tracking performance and
robustness of the system are constrained, and closed-loop system stability is proven via Lyapunov
theory. Finally, a segmented variable-curvature feedforward compensator is introduced to improve the
initial response speed, forming a complete steering angle tracking controller. Simulations and real-
vehicle tests show that the proposed method achieves accurate and stable steering angle tracking with
fast dynamic response. The comprehensive simulation tracking error under typical steering conditions is
reduced by about 50% compared with guaranteed performance control, 65% compared with PID
control, and 63% compared with adaptive sliding mode control. The comprehensive experimental
tracking error is reduced by about 17% compared with guaranteed performance control, 4 % compared
with PID control. It significantly maintains efficient and stable operation of the SBW vehicle under
varying scenarios and fault conditions.

Keywords: steer-by-wire; fault-tolerant control; guaranteed performance control; multiple

uncertainties; input constraints; intelligent vehicle
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