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Dynamic Modeling and Control of Monopod 3D Jumping Robot
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Abstract ; Continuous, stable and accurate jumping in three-dimensional (3D) environment is the research difficulty of
monopod jumping robot. A monopod jumping robot with the center of mass that can accurately reach a target position
point in 3D space was designed. Based on the spring loaded inverted pendulum ( SLIP) dynamics model, the control of
robot take-off speed was realized, making the controllable continuous bounce possible. Based on the reaction wheel
pendulum (RWP) dynamics model and the law of conservation of angular momentum, the real-time 3D attitude control
of robot with three inertial tails was realized. By integrating SLIP model, RWP model and the proposed post-landing
steering strategy, a continuous jumping algorithm for the center of mass of robot to accurately reach the expected 3D
target point was designed. The simulation results show that the monopod robot can achieve continuous, stable and
accurate jumping in 3D environment, which verifies the feasibility of the proposed 3D jump dynamics model and its
control algorithm.

Keywords : one-legged robot; 3D dynamic jumping; SLIP ( Spring Loaded Inverted Pendulum) model; RWP ( Reaction
Wheel Pendulum) model
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Figure 1 Mechanism schematic diagram of

3D jumping robot
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Figure 2 Schematic diagram and integrated dynamic model of robot

A3 HMBEATATREST
Figure 3 Robot flight trajectory
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Figure 5 Variation curve of target and simulation values of pitch, yaw and roll angles with time during jumping
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Figure 6  Variation curve of driving torque and driving angle of robot leg motor with time
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