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Related Approaches — Dynamic Locomotion

Offline Gait Synthesis using Whole-Body Dynamics Online Gait Synthesis using MPC

Hybrid Zero Dynamics (HZD)
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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
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AMBER Implementation — Control Overview

AMBER-3M

High Level User Commands Estimator
Clait ;r-- Target Base 9 X ] K]?‘orwaiq - X; MovinglAverage o X j
Sequence ; Pose QD) inematics Filter
1.5 kHz 4 kHz
Reference Trajectory (Xref, Ures) l X,
§ 1 [
2
MPC Motion Planner 100 Hz |e——— e >| P'D Controller
l (x(t), d;(t), A(t)) — Friction Compensation — -)L>
(= o) L
Model Reference Tracking Interface 1.5 kHz (3 > Inverse Dynamics
I\ 7 >
Mid Level Controller Low Level Controller 4 kHz

ETHzirich X4XSL AMB=R{NB

30.11.2022




Results - Simulation

- -

ETH:irich >A4?SL AWEQ L@ﬁ 30.11.2022 6

Robolie Systems Lab ~~ wwe-bipedaleobotics.con



Reduce Computational Cost via Horizon Shortening

Heuristic

Nonlinear MPC
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MPC Terminal Cost Visualization 2s Horizon

No Terminal Heuristic Terminal HZD Terminal
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Results - Metrics

Reference
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Results
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Results — MPC & HZD Terminal
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Conclusion

Reparametrized Whole-Body NMPC Formulation

Significant Horizon shortening through HZD Terminal

Hardware Demonstration of Whole-Body Online Planning
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