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Dynamic locomotion in Nature
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Kinodynamic Motion planning over rough terrain
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@ Keyframe-based kinodynamic hybrid planning

@ Applicable to general and constrained environments
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http://www.youtube.com/watch?v=2UYzhytsfgg
http://www.youtube.com/watch?v=F8uTHsqn1dc

Generalized Prismatic Inverted Pendulum Model

@ Center of mass surface manifold
Seow = { (x,3,2) €R® | Yeom(x,,2) = 0}

@ Centroidal momentum dynamics
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Output Dynamics of the Center of Mass

The prismatic inverted pendulum model for a g™ walking step, is
represented by the following control system,

£=F(q.€u)
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Dynamic rough terrain locomotion with phase space planner

(a) Prismatic Inverted Pendulum Model (b) Walking on rough terrain
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(d) CoM lateral phase portrait
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How human locomotion performs in rocky terrain?

@ How vision helps to predict future walking behaviors?

@ How to reduce the performance gap between robots and their biological counterparts?
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http://www.youtube.com/watch?v=YkFhAJS5Hr0
http://www.youtube.com/watch?v=HJ3OpT0NyVU

Interpretation via phase space planner

Must see terrain relevant
to next step by this
point (Matthis and

Fajen 2013, 2014)
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Critical phase for visual
control of nextstep .~

multi-contact
phase >,

current step

Visual information about
next step no longer necessary
(Matthis, Barton, Fajen, 2015)

@ next keyframe state
@ current keyframe state
step phase transition
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Sagittal Phase-space Portrait (Human Walking v.s. Phase-space Planner)
* heel-strike @ toe-off aaaaa apexstate:
—— human walking ——- phase-space planner
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(a) Human Indoor Complex Terrain Walking ™

(b) Human Walking with and w.o. Target Footholds
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Various test trials under different visual conditions
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(I) Walking without Targets

Sagittal Phase Portrait

Lateral Phase Portrait
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(IT) Walking over Targets
with Unlimited Vision

Sagittal Phase Portrait
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Generalizations to extreme locomotion

Robust Hybrid Phase-Space Planning
PSRHA = ({,Q, X, U, W,F,T,D,R,B.E,G,T,A)

walking on rough terrain jumping on vertical wedge

dual leg At
light phase
right leg FomIACE
—— left leg
touch down push off
right leg g leg left leg dual leg dual leg
single contact single contact contact contact
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To be continued ...
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Thank you for your Time!
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