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Biological locomotion




Locomotor Systems Science

Study of theemergencef movement resulting fronmany degree of
freedom, hierarchically organized, nonlinear biological (and robotic)
systemanteractingeffectivelywith their environments
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How many motors?
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Organismenvironment interaction

Terrestrial Aquatic Aerial

Rigid, neslip, point contact NavierStokes equations
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ground

Alexander, Principles of Animal Locomaotion, 2003 Vogel, Life in Moving Fluids, 1996



Running in the laboratory
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Vertical oscillation during rapid locomotion

Onrigid, level surface with good tractiparganisms bouncerhen they run, trot, or hop
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Principleof terrestrial locomotion
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Cavagnaet al., 1977
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Rhex Dynamically stablehysical model

Journal paper Saranli, Buehler & Koditschekt. J. Rob. Re2001
Review. Holmes, Full, Koditschek, GuckenheinsdAM Rey.2006

Mass,5 kg,Length,50 cm,Top speed3 m/sec




Challenges for robots in complex environments
IEDdetection

Exploration

courtesy Al Rizzi, Boston Dynamics




granular media

Black=desert

Ezcurra(2006),Global Desert Outlook

in response tetress
(simplest example of
yielding substrate)

physics equations
that describe these
processes!




Diversity of life in granular environments

From Animals are Beautiful Peopl&974 Namib desert (SW coast of Africa)

In dry deserts in Africa

~1( species of lizards and snakes
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Discover principles of granular locomotion

Biological observation Modeling
Substrate control -

Shaking

motor
Granular media
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Physics of intrusions

Singlebody /
Multi-body




Fluidized bed to control granular media
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f =volume fraction=
volume of
grains/occupied
volume

Can achieve in dry
granular media in the
lab 0.574€<0.63
(looselyto closely
packed)

(similar to the range found in
natural dry deserts)



