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Preset-Time Disturbance Observer-Based Fixed-Time Integral Sliding
Mode Control for Vehicle Trajectory Tracking

Chen Yuquan, Sun Kexuan, Sun Yunkang, Wang Bing
(School of Artificial Intelligence and Automation, Hohai University, Changzhou 213200, China)

Abstract: This study addresses the trajectory tracking problem of intelligent vehicles in complex dynamic environ-
ments by proposing a fixed-time integral sliding mode control strategy based on an adaptive preset-time disturbance
observer. First, a novel adaptive preset-time method is introduced, utilizing the properties of trigonometric functions
to design a dynamically adjustable sliding mode disturbance observer for real-time estimation and compensation of
unknown disturbances in the system. The observer features a simple structure, with the preset-time as an independent
parameter, enabling flexible tuning. Second, within the backstepping control framework, a fixed-time virtual con-
trol law is proposed. By incorporating a nonlinear first-order low-pass filter, the proposed method effectively miti-
gates term explosion, which is frequently encountered in traditional backstepping approaches. Finally, a novel fixed-
time integral sliding mode controller is developed by integrating integral sliding mode control with the fixed-time.
Simulation results showed that under operating conditions 1, 2, and 3, compared with the exponential reaching
law, the proposed fixed-time integral sliding mode controller reduces the peak mapping errors by 0.0157, 0.0203
and 0.110 8 m, and decreases the convergence time by 1.171, 0.964, and 2.508 s, respectively. Compared with the
power reaching law, the peak mapping errors are reduced by 0.008 1, 0.018 6, and 0.089 1 m, and the convergence
time is decreased by 1.196, 0.998, and 2.173 s, respectively. These findings indicate that the proposed fixed-time
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integral sliding mode controller exhibits excellent trajectory tracking performance.

Keywords : intelligent vehicle; trajectory tracking; disturbance observer; fixed-time; backstepping control;

integral sliding mode control
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Fig.2 Observer error convergence curves
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Fig.3 Convergence curves of sliding mode surfaces
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