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Abstract

The 4-DOF underactuated gymnastic robot is a complex control system which is multivariable, nonli-
near and strong coupling. In this paper, according to the system of this kind of robot, the dynamic eq-
uation of rigid body is established firstly by using Lagrange method. Secondly, a linearization method
for nonlinear robot mathematical model in the vicinity of vertical inverted equilibrium point is dis-
cussed. Then, a Linear Quadratic Regulator (LQR) is used to design the optimal controller of the
handstand balance. Finally, some simulation results show the effectiveness of the proposed method.
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Figure 1. Physical model of four-link gymnastic robots
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Table 1. Model parameters of gymnastic robots
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Figure 2. Angular variation of balance control (Case 1)
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Figure 3. Angular velocity variation of balance control (Case 1)
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Figure 4. Torque variation of balance control (Case 1)
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Figure 5. Angular variation of balance control (Case 2)
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Figure 6. Angular velocity variation of balance control (Case 2)
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Figure 7. Torque variation of balance control (Case 2)
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