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Whole Body MPPI for Real-time Control of a 3-DoFs Leg system
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Abstract This study proposes a whole body Model Predictive Path Integral (MPPI) approach for unified motion
planning and control verified on a leg with 3 actuated DoFs. While humanoid robots show great potential, high-
dimensional dynamics present significant challenges of control. Whole Body Dynamics (WBD), by considering
full-body dynamics, enables more physically consistent and dynamically rich motions suitable for real-world
tasks without restrictive assumptions. To this end, recent approaches combine WBD with Model Predictive
Control (MPC) to achieve real-time planning that is responsive to disturbances, and capable of generating more
stable and agile motions. However, traditional MPC methods face computational challenges in real-time
applications. This study utilizes MPPI, which leverages sampling techniques to optimize motion while
maintaining efficiency. Simulations verify that the proposed method effectively integrates full-body dynamics
and enables real-time motion planning and control, with potential for future dynamic locomotion tasks.
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2.1 MPPI Algorithm
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2.2 Dynamic Model
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2.3 Simulation Setup & Result
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