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LQR lateral control of security inspection robots with variable preview distance
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Abstract: To address the challenges of difficult-to-measure dynamic parameters and low motion control accuracy in security inspection
robots, an adaptive preview lateral control algorithm based on a dynamic model is proposed. First, the Ackermann steering kinematic model
and a two-degree-of-freedom lateral dynamic model are established. To handle unknown or difficult-to-measure parameters, an M-sequence-
based system identification experiment is designed. Using the front wheel steering angle as input and the yaw rate as output, the transfer
function of the robot’s dynamic model is obtained through fitting, achieving a goodness of fit of 95. 87%. Second, a variable preview
distance linear quadratic regulator (LQR) control method is proposed, with feedforward control to eliminate steady-state errors caused by
road curvature. Additionally, a fuzzy control method is employed to dynamically adjust the preview distance according to vehicle speed and
road curvature. The results show that the proposed algorithm maintains a maximum lateral tracking error within +5 cm. Compared to the
non-preview method, tracking accuracy is improved by 51% , and compared to the fixed preview method, by 26%, effectively enhancing
trajectory tracking performance under complex road conditions.
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Fig. 1 System composition of the security inspection robot
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Fig.2 Robot kinematic model
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Fig. 3  Robot dynamic model
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Fig.4 M-sequence input signal
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Fig.5 Input and output data
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Fig. 6 Goodness of fit of the transfer function
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Fig.7 Trajectory tracking error model
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Fig.9 Membership functions of velocity and road curvature
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Fig. 12 Simulation system
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Fig. 14 Tracking simulation results
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