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Abstract : Addressing the issues of slippage, poor stability, and inadequate precision in attitude control that
traditional tracked robots encounter during stair climbing, this study focuses on the motion control
for stair climbing of transformable tracked robots. By analyzing the mechanical characteristics of the
transformable tracked robot and the mechanism of stair climbing, kinematic and dynamic models
for the climbing process are established. A fuzzy PID-based closed-loop attitude control strategy
is designed, incorporating a center—of-mass adjustment mechanism to optimize climbing stability.
The effectiveness of the control strategy is validated through a combination of MATLAB/Simulink
simulations and physical prototype experiments, involving comparative tests under three different
sets of stair parameters to obtain key data on climbing speed, attitude error, and slippage rate. The
experimental results demonstrate that the designed control strategy can maintain the robot's climbing
attitude error within 3.2°, achieve a slippage rate below 2.5%, and improve climbing efficiency by
18.6% compared to traditional PID control. This enables stable and efficient climbing of stairs with
varying specifications, providing theoretical foundations and engineering references for the motion
control of transformable tracked robots in complex terrains.
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