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* @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.
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Step 1 — Online Dynamics Uncertainty Refinement:
Refine domain of E0¢ , Q = {E60, : H(EO;) < h} based on history of past robot motion,

{Ao, oo A_p, B(), c e e B_p, LQy.ooy L—p, UQy - - -, u_p} [3]

Define control law and uncertain friction cone constraints parametrized by p [1]
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feedback term = feedforward term A= {z c R — 0 < 2z < p}

Uneven Terrain with 5 kg payload

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

N-1
. 2 2 .
min Y (||#; = Tidesireallg + ||vil|R) — MPC Cost-Function
SU[],U[],)\+[] 7,:0 N Com Vel X
| flwwf\ VAVAVAVAWA A V,JAVI_\WAVAVAVA AAAAAL
i gngg Cnom Ki B0, Vi + Crnom¥i + Ay ap < 0 : BIE
¢ ’ . . . P 015 1 | Com Pos Z
T | [ N\ _ ol —Tightened MPC Constraints:
szk — arg max CnoszEez A’L /8 T CdlSt (K'LEQZ _I_ vz) — O iii B ] !‘
\ Y ) - Linear Program 1 = & » ., m L
llllllllll g ~ Zzts,l Id d ;_‘f 0
Step 3— Online Friction Uncertainty Refinement: Get smallest £ satisfying MPC solution: 1 M
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: Accurate height and velocity tracking
1] Robust Convex Model Predictive Control for Quadruped Locomotion Under Uncertainties, Xu et al [3] Adaptive MPC under Time Varying Uncertainty: Robust and Stochastic, Bujarbaruah et al

2] Dynamic Locomotion in the MIT Cheetah 3 Through Convex Model-Predictive Control , Di Carlo et al



	Slide 1

