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A bat being hit by air jet,

credit: David Boerma, Brown University '
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Long-term NRI/Collaborative Research: Improving the Safety and
Objective: Agility of Robotic Flight with Bat-Inspired Flexible-Winged
Robots (PI S. Hutchinson, 2014)

® Expand airborne, vertebrates
locomotion theory and practice

. . . . Expeditionary Brown University Northeastern
P P Unmanned Aerial and Aeromechanics High-rate
Systems Study Facility Nanomanufacturing

® Diversify the field of robotics-

inspired biology Research Facility

/77

/7
Governed e
(/l/@ﬁ

manipulates
inertial dynamics

Monolithic design

Silicone-based Soft electronlcs

anisotropic direct force
membrane sensing

by aerodynamics

b e e e e e A ¥ _ ]

)
S0 B
S I A e e — 8
s % : < ; :: sensory, .8
! L g Morphing o feedback -
5 e~ - ------------- . 1 Living hinge |\ 8hconcept /& driven !
|

E L - : component = é!
?" Research Thrust -III: N | - 3 g
U Robotic blonplm/c}'y of perching q | g% 7

o hiass: i |
& : < . - 2% - ==L Flappingaxis |2 »! H
c | ' ) o) EI P
3| i > P - -
Q I g < =~ B = C | (]
o | Research > | 7 - Foldable 3! a
3 | . Q. N I wing )
S Hypothesis: /6,70, / egment 2
~ | . '/, S S | 6.
o , Landing bat o ! P =

& :

9 ! ' |

g ! | |

< :

S |

S |

S |

|

|

|

(a0 00 0 0 o o O o D o o D o 0 o (o D o o o (D o 5 0 o D > D o 5 o o D > > o

) Northeastern
University




Long-term
Objective:

® Expand airborne, vertebrates
locomotion theory and practice

. . . . Expeditionary Brown University Northeastern
P P Unmanned Aerial and Aeromechanics High-rate
Systems Study Facility Nanomanufacturing

® Diversify the field of robotics-

inspired biology Research Facility

membrane sensing

]
< § | z
38 T T T sensory, . L
o | Morphing ! o
g5 I feedback 3
~ o= -~~~ - - - -—-—-------- I Living hinge oncept driven 5
|

3 | ! component x| =
5 ——————————————— | | L ol 5
o Research Thjust-III: \ ~ 3 : <
& Robotic biorifpicty of perching | 21 7

-€ $ +—e — I S |
8 ' ! <8 -
S ' I S| XN
a _ So 8
Q I : ~ 2 S
g‘ Research | | - = _ - Foldable 5 =
2 Hypothesis: I : wing . | g
N Landing bat | | segments B

o manipulates S, o . :

Q mnertial d i | Governed Sy, |1 :

%' RN Gl | by aerodynamics & | I Monolithic deSign ’ I

= . ) |

S oo A ] | Silicone-based electronics, |

I anisotropic ; I

) | P direct force |

| |

| |

(h o 00 0 0 o o O o o o o o o o O O 5 o o o (D o 5 D o 5 o (O 5 5 D > > > > > >

ortheastern
University




Encoder Decoder

0]
won]” [won]|™| 5
q4(2|V) Pl e | = pe(V|2)
(u,0)q (u,0)q (T
-
o 6
d
fo_f?
= HN(Zk‘MkaUk ) po(V,2) = pe(V|2)p(2)




Long-term
Objective:

® Expand airborne, vertebrates
locomotion theory and practice

. . . . Expeditionary Brown University Northeastern
p p Unmanned Aerial and Aeromechanics High-rate
Systems Study Facility Nanomanufacturing

® Diversify the field of robotics-

inspired biology Research Facility

manipulates

inertial dynamics ' Governed
| by aerodynamics

b e e e e e A V]

Monolithic design

/

Silicone-based electronics,

anisotropic direct force
membrane sensing

g X
3 4 o
= o A B oo
2 o ! | - > sensory,  _ LB
o | Morphing ! o
S o L _ orphing feedback X
g e i R e aini I Living hinge oncept driven 5
|
E L component = =
———————————— —— —] ,,‘-"“\"‘.‘ _— =
g."' Resgearch Thrust-III: \ ~ 2 : =
& Ro%ic biorhimicty of perching 21 7
t —e — e -
8 ' <9, K
% ' ®Cc | X
o) _ Soi 2
8 I ~ & g
) Research | - _ - Foldable S1 =
R i wing &
S Hypothesis: ' . @
N Landing bat | segments 9
® I |
@ |
g | i
© I I
S |
S |
S |
S |
o |
|
|

(h o 00 0 0 o o O o o o o o o o O O 5 o o o (D o 5 D o 5 o (O 5 5 D > > > > > >

ortheastern
University




ptian bat

Rt
7

osting maneuver,

amezani, MEMS-based instrumentation _‘

A

yartz & K. Breuer (Brown University)




time: 0.08803s
fps: 1170

SiliconSynapse Lab




NU’s SiliconSynapse Lab.



“Responsibility of feedback subsume

under mechanical intelligence in
armwing design”

NU'’s SiliconSynapse Lab.



NU’s SiliconSynapse Lab.



