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Jumping motion planning and simulation of bipedal wheel-legged robot

WANG Zelong, ZHANG Zhian

( School of Mechanical Engineering Nanjing University of Science and Technology, Nanjing 210094, Jiangsu, China )

Abstract: Aiming at the problems of insufficient adaptability and limited obstacle-crossing performance of bipedal wheel-legged robots in
unstructured terrains, trajectory planning is carried out for the jumping phase of the robot, enabling it to achieve obstacle-crossing function
through jumping motions. Firstly, based on the parallel five-link structure, a kinematic model of a single leg is established using the
geometric method, and the mapping relationship and rate of change between the virtual leg length and joint angles are derived. Secondly,
virtual model control (VMC) is introduced to simplify the mechanism into a variable-length virtual spring rod, and the dynamic mapping
between force and torque is realized by using the principle of virtual work. Furthermore, a double-mass spring-loaded inverted pendulum
(DM-SLIP) model is proposed, which divides the jumping process into four phases, takeoff, ascent, descent, and landing. The spring
parameters in the takeoff and landing phases are optimized, and the centroid trajectory is planned using cubic polynomial interpolation. The
leg support force is calculated by combining PD control and gravity feedforward. Finally, a simulation model is built in Simscape and tested
with a 0. 25 m obstacle. The results show that the tracking error of the virtual leg length is maintained within 0—14. 2%, the body posture
can quickly stabilize during continuous jumping, and both speed and torque converge, which verifies the effectiveness of the proposed
method.

Keywords : bipedal wheel-legged robot; virtual model control; trajectory planning; jump motion; kinematic modeling
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Fig. 1  Simplified model of bipedal
wheel-legged robot
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Tab. 1 Basic parameters of wheel-legged robot
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Fig.2 Schematic diagram of single-leg planar model
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Tab.2 Basic jumping parameters
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Tab.3 States of upper and lower centroids during jumping
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