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ABSTRACT

This study presents a complete whole-body force control framework for a leg-wheel
hybrid mobile platform, addressing the unique challenges posed by its multiple and chang-
ing ground contact points. The framework integrates estimation, control, and experimen-
tal validation. While this type of platform offers superior terrain adaptability compared
to conventional legged or wheeled systems due to its ability to rapidly alter its contact
configuration, it also introduces significant control difficulties. These include a lack of
reliable force data from stable contact points, uncertainties in the robot’s dynamics, and
challenges in integrating multi-modal control strategies. Using our lab’s third-generation
leg-wheel robot as the implementation platform, this research develops and validates a
complete, hierarchical control system, from low-level actuation to whole-body coordina-

tion, to achieve stable motion under unconventional contact conditions.

At the actuation level, this work begins by updating the firmware and CAN commu-
nication protocol of the HT-04 drive modules and implementing a modular, easily main-
tainable software architecture. At the sensing and estimation level, a ground contact force
estimation method is developed based on the principle of virtual work and a multi-contact

point Jacobian matrix. This method derives the contact force distribution for different seg-
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ments of the wheel rim and utilizes condition number analysis to identify configurations

that ensure stable estimation. At the control level, a high-frequency contact force control

architecture is designed by combining impedance control with feedforward decoupling,

overcoming the limitations of insufficient control frequency and imprecise force feed-

back in previous leg-wheel systems. Finally, at the decision-making level, Model Predic-

tive Control (MPC) is integrated to realize stable, compliant, and predictable whole-body

motion across diverse gaits and terrains.

Validated through both simulation and physical experiments, this framework demon-

strates a significant improvement in postural stability and height-tracking accuracy for

walking, trotting, and wheel-like-walking gaits. In rough terrain experiments, the sys-

tem effectively prevents the robot from tipping over, successfully enabling stable and au-

tonomous locomotion for the leg-wheel hybrid robot in environments with highly variable

contact configurations.

Keywords: Quadruped Robot, Leg-Wheel Hybrid Robot, Contact Force Estimation, Impedance

Control, Model Predictive Control
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