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Model Predictive Control-based quadruped robot
locomotion

Abstract

Quadruped robots have emerged as a research hotspot thanks to their
exceptional agility and ability to adapt to complex terrains. However, its high
degrees of freedom and underactuated characteristics make motion control a
critical challenge that hinders further development. To address this, this paper
centers on Model Predictive Control (MPC) and conducts in-depth research on
modeling, control theory, hardware and software system design, simulation
validation, and practical testing. The main contents are as follows:

(1) Kinematic Modeling and Analysis. Recursive methods are used for
forward kinematics and geometric methods for inverse kinematics to establish
the mapping between foot position and joint angles. Differentiation of the
forward kinematics yields the Jacobian matrix, realizing the mapping between
joint angular velocities and foot linear velocities, while the virtual work
principle is applied to derive the relationship between joint torques and foot
forces.

(2) State Estimator. A state estimator based on discrete Kalman filtering is
designed to fuse IMU and joint encoder data, thereby estimating the body
position and velocity to provide state information for subsequent swing and
support leg control. Additionally, slope estimation is integrated to achieve
adaptive attitude adjustment.

(3) Common Gait and Swing Leg Controller. Common gaits are introduced,
and a time-based gait scheduler is constructed to generate gait phases and
ground contact states. On this basis, foot placement and the swing leg cycloid
trajectory are planned.

(4) Dynamic Modeling and MPC Support Leg Controller. The forces
acting on the support legs are analyzed, and a single rigid body model along
with discrete state-space equations is established. Desired trajectories and
walking constraints are designed, and the walking constraints of the quadruped
robot are analyzed. The MPC problem is then transformed into a quadratic
programming (QP) problem to solve for the optimal ground reaction force in
real time.

(5) Simulation Validation and Practical Experiments. On the MUJOCO

platform, the control logic is validated through in-place rotation, straight-line

-1V -
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walking, and slope motions; on the actual platform, state estimation, high-speed
running, and stair/slope tests are conducted. The results indicate that the control
method exhibits good adaptability and robustness.

Overall, the proposed control system achieves effective walking motion
control for quadruped robots, providing a solid theoretical basis and an

important reference for practical applications.

Key Words: Quadruped Robot, Kinematic Modeling, State Estimation,
Swing Leg Planning, Model Predictive Control
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