
A Unified Framework for Posing
Strongly-Coupled Multiphysics for Robotics Simulation
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Unified Least Action
• We present an optimization-based 

approach to unify multiphysics via the 
principle of least action

• Constraints encode physics coupling
• Coupled differential equations derived 

from action
• Employ variational mechanics to 

discretize action for simulation 

Overview
• Keep fluid from penetrating the robot
• At boundary, fluid velocity = robot 

velocity

s. t.  𝑐𝑐(𝑣𝑣) = 0 

s. t.  𝑐𝑐(𝑣̅𝑣𝑘𝑘) = 0 

More Info

First-Order
Necessary
Conditions

∆𝑡𝑡: time step
𝑀𝑀: mass matrix 
𝑔𝑔: gravity

External Forces
(E.g., Damping)
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