ANMB=ERYLNEB

£ Caltech

Planar Bipedal Locomotion with
Nonlinear Model Predictive Control:
Online Gait Generation using Whole-
Body Dynamics

Manuel Yves Galliker 1, N Csomay-Shanklin 1, R Grandia,
A J Taylor, F Farshidian, M Hutter, A D Ames
Humanoids 2022




Contribution

Whole-Body Nonlinear MPC

Reduced computational cost via HZD Reference & Terminal

Experimental validation on planar biped AMBER-3M
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MPC Formulation — Reparametrized Whole-Body Dynamics

Exclude inverse dynamics from MPC prediciton
.. N\T
*  x=(9»9954j)
. u= (lc; q].)
* x=(99.4p 4;)

dp = Dpp " (=Dpjd; — Cp(q, @) q — Gp(q@) + J (@A)

Recover torques via inverse dynamics
t=Jid. —D(@)4 - C(q,9)q — G(q)
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a4l FOcus computation on unactuated DoF

ad Whole-Body nonlinear dynamics/constraints
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Reduce Computational Cost via Horizon Shortening

Heuristic

Nonlinear MPC

Reference

- [ Optimization Motion Plan
 —
Measurement )
—_— [ Model Prediction

Time

milzlli(g)lize o(x(ty)) + /0 L(x(t),u(t),t)dt
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MPC Terminal Cost Visualization 2s Horizon

No Terminal Heuristic Terminal HZD Terminal
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Results - Metrics

Reference

otion Plan
10 SQ.P
Measurement u Iterations
—————|

Ryzen 9 5950x at 10 SQP Iterations

Horizon Length [s] 20 10 05 02 [0 ] Plan
MPC Frequency [Hz] 270 480 670 850

Horizon Length

B Reduce computational complexity through terminal
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Results
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Results — MPC & HZD Terminal
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MPC & HZD Terminal
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Thank you for your Attention!

Noel Csomay-Shanklin, AMBER-lab, Caltech
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Andrew J. Taylor, AMBER-lab, Caltech

Prof. Dr. Aaron Ames, AMBER-lab, Caltech
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Dr. Farbod Farshidian, RSL, ETH Zurich

Prof. Dr. Marco Hutter, RSL, ETH Zurich
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Links

Paper:
https://arxiv.org/abs/2203.07429

Video:
https://www.youtube.com/watch?v=398ZNsCWdJOA

Paper Video

Website: E "IE E?i'EE_.

https://galliker.tech/

https://noelc-s.qithub.io/website/ -
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