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Algorithm Constraint Tightened MPC
(without adaptation)

Nominal MPC [2]

Tightened Friction ConeNominal Friction Cone

• Given a pre-defined contact sequence, generate optimal ground reaction forces for the stance feet.
• Track a desired position and velocity profile for the Center-of-Mass.
• Ensure stable walking motion under inertial, contact location, impact model 
  and frictional uncertainties with imperfect bounds.

Uneven Terrain with 5 kg payload

Flat Terrain with 5 kg payload
Accurate height and velocity tracking

For bounded uncertainty in inertia , contact point & impact model,
linearized Single Rigid Body Dynamics can be expressed as: 

Time-varying cumulative effects
   of modeling uncertainties 

Step 1 – Online Dynamics Uncertainty Refinement:
 Refine domain of                                                   based on  history of past robot motion,,

[3]

Define control law  and uncertain friction cone constraints parametrized by      [1]

,

Step 3– Online Friction Uncertainty Refinement: Get smallest     satisfying MPC solution

MPC Cost-Function

,
Tightened MPC Constraints

Linear Program 1

Step 2 – Solve QP-MPC with nominal dynamics and tightened constraints:

, Linear Program 2
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