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Legged robotics in the field
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What do we want from our control algorithms? (long-term view)

Robust against

e State perturbations
* Feedback control, MPC, ...

e Parameter perturbations

* Modeling errors
* “robust” control, model reduction

Verifiable
e Repeatability, accountability

* Convergence
* Local/global stability
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Generalizable solns

Templates (Sec. 3.1)
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Virtual bipedal gaits: coordinate two hoppers
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Independent hoppers

[De & Koditschek
(IJRR in press)]

Controller with virtual spring,

ui(x) := o (p—z;) + ev; (x) il
tunable and natural damping, ,, " 21

Vi (x) = —Pz—kgcosy; + w;(x) Il
and (optional) phase control
wi (x) := (=1)'"'kq(G1 — 22) sin Slot hopper
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Slot hopper phase locking

Qs ey

® < Preflexive

0.5 ® © Phasectr k>0

o o Phase ctrl kd <0
< Attitude ctrl

X

In-phase

' - BEE
" Py 0 - - _ - - — - -
“WC” + attitude controller =PI L
- 3 ho 3 | 3
-0.5 = | £
[} = =
9 O | O
-4'-_.‘*-10—0—0?0—0—0—6 <
Z 06 8 1 1.2 1.4
Weakly coupled (WC) / Strongly coupled&:)
Decoupled
°5s @ @
k<1 ka1 k> 1
“wer | “Decoupled” “SC

[De & Koditschek
(JRR in press)]



Other “virtual leg” assighnments
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~ . Trot: need retraction



Simplicity = robustness to parametric uncertainty, initial conditions

...despite small perturbation theory 0.5

AN

Time (sec)
¢-frequency err

Slot hopper
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Feedback-driven walking
Self-exciting liftoff
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Preliminary bipedal walking

Self-exciting liftoff - Ir
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With V. Vasilopoulos
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[Libby et. al (2012)] [Wenger, De, Kod (2016)]
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