Head and leg adjustments help insects and legged robots traverse cluttered, large obstacles
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1. Background & Motivation 2. Experimental Observations

Beam obstacle traversal can be divided into three phases

Physical interaction (energy landscape) plays a major role during obstacle traversal

Model system Locomotor transition pathways Potential energy landscape

Transition
barrier

Othayoth et al. (in press), PNAS o i > * " -
Cockroaches actively adjust their head and legs to make locomotor transition

. . . . . 3-D kinematics tracking set L | i i Fi t head flexi

Animals integrate active sensory feedback and passive mechanical feedback : ! ing setup ©g spraw Differential leg u;i requent neac fiexion

to control locomotion Cameras 9
(100 fps) R

Bending

mechanical

sensory
feedback

Supporting ushing
Leg Height Leg Height

contact phasic

= system
OCN\T feodback P Kinematics, vec-elanc
sirain 1 response.
0 exornal Gp——mechanical preflexes
o environment

Leg sprawl angle (°) Leg height difference (mm) s.d. of head flexion (°)
_*FX P<005 f5ad

Fkk

ANOVA P<005 i
0 1 o ANOVA
Dickinson et al. (2000), Science P<005
Tags 5 I ANOVA
Hypothesis: Cockroaches act_wely adjust body aln_d Awareness of landscape Beads . o
appendages to overcome barrier and make transition helps find a lower barrier Run Push Roll Run Push Roll Run _Push Roll

N =8 animals, n = 64 trials -
Reduces roll stability Generates roll torque Sense terrain (?)

3. Energy Landscape Modeling 4. Robophysical Model & Future Work

Energy landscape approach to understand physics of locomotor transitions Legged robot to systematically control and vary active adjustment of head and legs
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Proper head adjustment reduces energy barrier on landscape
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