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Introduction

Blomimicry

o An approach to innovation that
seeks sustainable solutions to

strategies




Introduction

Medicine: Mosquito
proboscis structures in
needles (Hayato et al.,
2011)

Architecture: Termite
mound layouts for energy
efficient cooling and
heating (Worall, 2011)

Robotfics: Animal
locomotion used to adapt
to terrain (Cham et al., 2002)

Gecko Setae (Kellar et al.,
2002)

Fly Robotics

Velcro invented by
George de Mestral

http://interfacedesignspace.com/biomimicry-basics/




Introduction

Insects

o Insects have been evolving flight
techniques on this planet for over
400 million years (Gullan, 2009)

o Have some of the most complex
flight structures on the planet
(Dickenson 1999)

o Focusing on order Diptera
o Genus Cdlliphora

https://en.wikipedia.org/wiki/Insect_flight

vi
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Leading Edge Vortices

o According to basic
engineering principles insects
should not be able to fly

o Due to high angle of attack
leading edge vortices provide
extra lift needed to fly

Ellington et al., 1996




Flight Muscles
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Power Muscle

o Stretch activated on @

contraction by contraction
basis

o Autonomous
o Over 200 times a second

o Specialized to generate the
power required for flight

o Takes up most of the thorax

Pringle, 1949
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Conftrol/Steering Muscle

o Attached fo the base of the
hinge of wing

o Small delicate muscles
which can reconfigure wing
stfructure on a stoke by
stroke basis

Pringle, 1949




Sensory
Organs
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o Compound Eye
o Simple Eye (ocelli)

o Able to rapidly process
visual input while flying

http://www.warrenphotographic.co.uk/14973-european-hornef-head-of-queen-showing-océli .

Egelhaaf, 2002
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Haltere

o Acfts as gyroscope

o Oscillateson Vertical plane

o Stabilizes while in flight

o Beats at 200Hz during flight .

WA

sensilla receptor fields

http://www.nature.com/nature/journal/v392/n 6678/ fig_tab/392757a0_F1.html

Dickenson, 1999
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Micro Hairs/Setae

o Detect changes in air current

o Can cause reflexresponse

o Provides fast tactile sensory

’ input

http://www.naturalhistorymag.com /biomechanics/ 172099/ shoe-fly

Tyreretal., 1979




o Detect changesin
air current

o Olfactory sensors

o Tactile sensory

Review of Literature

Antennae

Antennal
sclerite

§

Antennal
Antennal  Scape
suture

socket
Antennifer

http://keywordsuggest.org/48260%-insect-antenna.html

Gulan, 2009




o Better maneuvering a

o Able to adapt faster t

changing environments

o Faster more agile flight

control (autonomous)
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Fly Robofs

bility

O

http://wyssharvard.edu/viewmedia/82/robotic-
fly;jsessionid=2BDAAAD11F1575E212B0869D11B1C480.wyss2

Wood, 2008
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Fuler Angles

o Three planes

Y, (East)

o Define roll, pitch and yaw
axes

Pitch (0)

o Can be used fo describe Z, (Down)

The OI’IGHTOTIOI’\ Of Gﬂ ObjeC http://www.chrobotics.com/wp-content/uploads/2012/1 1/Inertial-Frame. png
in 3D space




Research Questions

Research Questions

Research Questions:

What ways do bluebottle flies land on inverted surfaces?

What are the differencesin Euler angles and angular
velocities for the different landingse

Are these methods applicable for biomimetic real world
uses?e




Methods

Setup

Perching area

LED lights

Highspeed
cameras

22.5cm by 22.5cm by 22.5cm
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Calibration

o Calibration Cube 18 points _—
o 13mm X 13mm X 13mm _—
o DLTcal5 (Hedrick, 2008)

o EasyWand Calibration Tool I/»
o (Theriault et al., 2014)

https://wiki.brown.edu/confluence/download/attachments/ 2132363/ framespecNumbered.jpg? version=1&modificatio
nDate=1221751448000& api=v2
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Collecting Dato

o Place approx. 18 flies infto chamber

o Shake Box 3 times

o Press record on final shake

o Observe and if landing found, cut and save video
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Digitization

o Create points foreach frame in each camera video for each
landing method

o DLTdvS (Hendrick, 2008) software used

Ri1 Riz Riz
Rotation Matrix: R = Ry; Ry, Ry3
R31 R3; Rzs

Pitch: © = tan'l(—Rgl,\/Rfl + Rgl)

Roll: & = tan~1(—2L 33y

cos ®’ cos®

Yaw: ¥ = tan~1(—2L, ~11)

cos®’ cos®




Results

Pitch Landing i

pitch
yaw

200

150

100

50

Degrees

50 i

-100 -

-150 |- -

-200 | | | | |
0 0.01 0.02 0.03 0.04 0.05 0.06

Seconds




Pitch Landing

o Top angular velocity of
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Results

qurlell R.O”. anding :
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Barrel Roll Landin
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Hover Probe Landing i
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Hover Probe Landin
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Discussion

DISCUSSION

o Three methods of landings discovered
o Pitch Landing can be used by default

o Barrel Roll landing used for high speed maneuvers

o Hover/Probe landing used when little visual information present
o Relies on mechanosenory feedback




Future Research

Future Research :

o Applied to drone technology
o Disaster Zones

o Burning Buildings

o Autonomous drone flight
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