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Abstract

In practical operation, single-joint robotic systems often face challenges posed by imprecise modeling,
such as parameter perturbations and unknown external disturbances, which pose difficulties for
high-precision trajectory tracking control. To address this issue, this paper proposes a robust adaptive
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tracking control strategy based on backstepping. First, a strict-feedback nonlinear system model ac-
counting for external disturbances is established. Subsequently, to handle the unknown nonlinear
dynamics in the system, an unknown constant is introduced as the core parameter that defines an
upper bound for it, and an adaptive law is designed to estimate it online, compensating for the im-
pact of uncertainties. During controller design, the Lyapunov stability theory is employed to construct
virtual and actual control laws step by step, while inequality techniques are used to manage nonlin-
ear coupling terms. Theoretical analysis demonstrates that the proposed method ensures that all
signals in the closed-loop system are uniformly ultimately bounded, and by adjusting design param-
eters, the tracking error can be made to converge to an arbitrarily small neighborhood of the origin.
Finally, simulation results show that the system output can quickly and accurately track the desired
trajectory, validating the effectiveness and feasibility of this control strategy in handling model un-
certainties.
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