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Monocular Vision-Based Line Following and Reinforcement Learning Gait
Control for a Quadruped Robot

Jingzhong Ge!, Haoxuan Guan?, Siqi Li?
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China

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

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

Abstract: A hierarchical "visual line following - reinforcement learning gait" control method is proposed for autonomous
line following of a quadruped robot in a structured track environment. In the upper layer, a monocular image is
segmented by a colour-interval threshold; the left and right track borders are located by a three-point template row scan,
valid rows are selected by inter-row continuity, and the mean of the extracted centre line gives the lateral deviation,
which drives a combined lateral-shift and yaw proportional control law that outputs a body velocity command; the pixel
count of each colour landmark mask triggers task switching. In the lower layer, gait generation is formulated as a Markov
decision process whose observation consists of proprioception and the velocity command and whose action is the joint
target position; a weighted reward combining velocity tracking with several regularisation terms is designed, and the
policy network is trained by proximal policy optimisation in parallel simulation and transferred to the real robot with
domain randomisation for 50 Hz forward inference. The two layers are coupled only through the body velocity command,
which decouples perceptual semantics from whole-body dynamics. Offline reproduction on 64 images captured on site
gives a 100% centre-line extraction rate, 136.2 valid centre points per frame on average, a mean lateral deviation of 46.4
pX, and a minimum landmark mask area of 3614 pixels, i.e. 7.2 times the trigger threshold, yielding a 100% detection
rate with sufficient decision margin.

Keywords: quadruped robot; monocular visual line following; centre line extraction; reinforcement learning; gait control
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