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Cascaded Visual-Error Smoothing and Safety-Constrained Path Tracking

Control for an Underactuated Bicycle Robot
Haoxuan Guan, Yuwei Duan, Siqi Li

School of Electronic and Control Engineering, North China Institute of Aerospace Engineering, Langfang 065000, China

Abstract: To address the problem that lateral deviation signals in monocular vision-based lane tracking of an underactuated
bicycle robot are susceptible to shadow variations, temporary lane-line loss, and detection noise, and may further induce
attitude oscillations through the steering actuation chain and consequently destabilize the robot body, this paper proposes
a cascaded visual-error smoothing and safety-constrained path-tracking control method. Without modifying the existing
lane-recognition algorithm or the underlying balance-control structure, a visual-perception-to-actuation interface layer is
introduced between them. A short-window moving average is first employed to suppress high-frequency random noise,
followed by an inter-sample difference constraint to attenuate large abrupt variations. Output saturation is further applied
to limit the steering-command amplitude, while high-speed UART communication is used for real-time transmission of the
smoothed commands. Closed-loop experiments were conducted on straight and left- and right-turn sections of an outdoor
400 m track. Experimental results show that the proposed method can be implemented in real time on an STM32 platform
and reduces the lateral tracking RMSE by 40.2%, 39.85%, and 32.35% in straight, left-turn, and right-turn scenarios,

respectively.

Keywords: bicycle robot; visual recognition; cascaded filtering; balance control; disturbance rejection
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