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Abstract

To address the problem that the nonlinear dynamic characteristics of the support phase of quadru-
ped robots result in high computational complexity of nonlinear model predictive control (MPC)
and make it difficult to meet the real-time control requirements of embedded systems, this paper pro-
poses an MPC strategy for the support phase of quadruped robots. Firstly, the basic principle of MPC
is elaborated. Based on the core assumption that the mass of the legs is negligible, a single rigid body
dynamic model of the quadruped robot is established. Aiming at the nonlinear problem of rotational
dynamics introduced by rotation matrices on the SO(3) manifold, a linearization scheme based on the
variational method is adopted to complete the linearization of the system. The matrix variables are
vectorized via the Kronecker product, and a quadratic cost function containing the trajectory tracking
objectives and smoothness constraints on the control variables is constructed. After linearizing the
friction cone constraints and combining the output limit constraints of the actuators, the optimization
problem of the support phase MPC is finally transformed into a standard quadratic programming
problem that can be solved efficiently. The proposed control strategy is verified through MATLAB/
Simulink simulations and physical experiments on a self-developed hydraulic quadruped robot pro-
totype. The results show that underground shaking disturbances simulate rough terrain conditions,
this strategy can limit the maximum errors of the robot body’s roll and pitch angles to within 0.09
rad and 0.08 rad, respectively. Meanwhile, the foot-end contact forces change smoothly and strictly
satisfy the friction cone constraints and actuator output constraints. The algorithm achieves an av-
erage computation time of 5.3 ms for a single optimization solution on the ARM Cortex-A9 embed-
ded platform, with a maximum time of 7.8 ms, which fully meets the real-time control requirements
for a 10 ms sampling period. This control strategy has excellent attitude tracking capabilities, supe-
rior disturbance rejection performance, and good real-time performance for engineering applica-
tions, and can effectively realize stable control of the support phase of quadruped robots.
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Figure 1. Schematic diagram of coordinate system position
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Table 1. Basic parameters of robot
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Figure 2. State planning of mass center
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Figure 5. Ground attitude and robotic body attitude data
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Figure 6. Angle errors and angular velocity errors of center of mass posture under uneven terrain conditions

B o. ISIRBEER TROESHARRENBERIRE

2600
_§ 400+ -
S SN S e
Y
0 1 1
0 5 10 15
I [/ g(s)

[--Fi# /] —FL —FR —HL —HR]
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Figure 9. Experimental diagram of robotic body attitude
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Figure 10. Comparison curve of simulation and experimented robotic body attitude errors
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Figure 11. Support force at the foot end and friction cone constraint curve
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Figure 12. Curve of single optimization solution time for MPC controller
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