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Kinetic energy fluctuation helps animals and robots self-right on the ground 
Ratan Othayoth, Qihan Xuan, and Chen Li, Johns Hopkins University
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Self-right is critical during locomotion in complex terrain
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Cockroaches self-right using wings, but has seemingly wasteful leg flailing
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1. Stuck in metastable state

Modes with sufficient energy budget are more probable
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2. Desperate leg flailing

Experiment

Failed

B
o

d
y
 p

it
c
h

 (
°)

Body roll (°)

100

300

500

PE (mJ)

−180 0 180

Successful
300

200

100

0

Roll

Pitch

0 30 60 90

Wing opening amplitude (°)

Wing actuation time (s)

0 0.5 1 1.5 2

KE fluctuation (mJ) Transition barrier (mJ) Energy budget (mJ)

80

40

0

200

100

0

0

−100

−200
0 0.5 1 1.5 2 0 0.5 1 1.5 2

W
in

g
 o

p
e

n
in

g
 a

tt
e

m
p

t 
ID

Roll – successful attempts Roll – failed attempts Pitch – failed attempts

Wing actuation time (s)

0 0.5 1 1.5 2 0 0.5 1 1.5 2

43

22

0

90

45

0

90

45

0

0

−15

−30

15

30

Energy

Budget

(mJ)

Kinetic energy fluctuations are comparable to transition barrier

Acknowledgements

We thank Sean Gart, Thomas Mitchel, Yuanfeng Han, Dan

Goldman, Bob Full, and Noah Cowan for discussions, Allen

Ren for help with robot design, and Sean Gart for help with

high speed imaging and statistics.

Metastable

Take-home messages

- Wing pushing alone cannot result in self-righting

- Seemingly wasteful leg flailing provides kinetic energy fluctuation to overcome barriers on energy landscape

- Energy landscape model revealed that modes with sufficient energy budget are more likely to occur
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