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Example 1: Lotus Effect & Biochips
g

Lotus leaf, Super-hydrophobic surface

Apparent contact angle, 6, ~160.4°

2004-2014
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Ultra-Hydrophobic Surfaces
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microdroplet o
w

Y G0

YPAARN VAN

Contact interface Microstructures

Smooth surface Wetted surface Composite surface

b
Per unit of the microgroove ©) f = w ro=1+ 2H
L=2mm ""w+c 7 W+G
- W=10 um G, spaping
~ 1
1 Con
5 5
3
. Microgrooved surface
(©) (d)

Hybrid-structured Pads
Those surfaces become more

hydrophobic using a FDTS vapor.

Needle

Nanocrystals

Hybrid-structured surface

Microdroplets CCD Lens

2BkU X200

\ 20

A<

AFM scanning sﬁaﬁshot, resolution 256 by 256

100RN BSOB2 P

SEI 20.0kv  X30,000

(@) 0,~162.3°

(b)

Hybrid-structured surface, f,= 0.8

Hybrid-structured surface, f,= 0.5

(d) 0,~173.1°

Hybrid-structured surface, f, = 0.25

R 4
B, Al ~
100nm WD 10.0mm

J. T. Yang
Z. H. Yang,
C. Y. Yang
Dr. M. H. Hsu
Dr. Y. H. Lai
2009

JMM, 2009


../2010 仿生科技演講及影片/液珠混合.mpg
../2010 仿生科技演講及影片/液珠混合.mpg
../../2014 Conference and Seminar/2010 科技演講及影片 楊鏡堂/2009 Films for Biomimetics/droplet bouncing 971215.mpg
../2010 科技演講及影片 楊鏡堂/2009 Films for Biomimetics/droplet bouncing 971215.mpg
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Example 2: Eyes Stabilization of Passerines

A passerine exploits tail spreading to facilitate
quick recovery of body posture during hovering

2008-2012

Su, ..., Yang, * Physical Review E, 2011
Su, ..., Yang, * J. Royal Society Interface, 2012
Su & Yang, Bioinspiration & Biomimetics, 2013



Chicken Head Steadicam

Chicken test
LG

Invention



../201502-03 台視主播鄔凱雯 錄製探索科學節目/LG G2 Chicken Powered Image Stabilization.mp4
../201502-03 台視主播鄔凱雯 錄製探索科學節目/Freefly Movi Three-Axis Stabilized Gimbal Demo_(480p).mp4
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Reported by Nature Physics, ScienceNews,
American Physics Society, 2011




The center and direction of the aerodynamic force

v.s. flapping-flight
'._

Engineering solution
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Su & Yang, Bioinspiration & Biomimetics, 2013



More Examples




Pioneer of Flapping-Flight Airplane
¥ < & (Leonardo Da Vinci, 1452-1519)

\-—

http://www.youtube.com/watch?v=bG52IJmYfx2M

http://www.youtube.com/watch?v=azZI85oreTew


Leonardo DaVinci's Ornithopter.mp4

Cross-sections of various flight creatures and airplanes

|-|_
Burton, R., 1990, Bird Flight, England, ISBN 0-8160 2410-3

Film from discovery

Birds

Insect g

Bird

Early aircraft

Conventional

High-speed

Supersonic

BEE, &~ BH, 2011


Discovery 各種飛行模式-1 min.mpg

Aircraft with the Flapping Wings

J. D. Delaurier (2004)

Edward P. Frost (1902)  Emil Hartman (1959)

~

Otto Lilienthal (1894)  Adalbert Schmid (1942) . D. .. .Déa;‘rie‘;‘(-z

1800 1900 1950 2000



../../2010 仿生科技演講及影片/Ornithopter.flv
../../2010 仿生科技演講及影片/Ornithopter.flv
World's First Human-Powered Ornithopter_(1080p)_cut.mp4
World's First Human-Powered Ornithopter_(1080p)_cut.mp4

Animal Locomotion?

Maneuvering Flight

MAYV (micro aerial vehicle)
AUV (autonomous underwater vehicle)

ROV (remotely operated vehicle)



Miniaturized Winged Robots

Nature- News and Views (June, 2013)

Figure 1 | Winged victories. Three successive iterations of miniaturized robots that each mimic certain
aspects of animal hovering flight. a, The passively stable DelFly” hovers like an insect that is controlled

by its tail. b, The tailless Nano Hummingbird® is stabilized by an on-board autopilot, which controls the
wings’ angle in a way analogous to that seen in real hummingbirds. ¢, Ma and colleagues’ robot fly', shown
here on its maiden flight, is controlled by a tether that provides modulated power to each flight ‘muscle’ of
the wing. Scale bars, 10 millimetres (estimated).

306 | NATURE | VOL 498 | 20 JUNE 2013



The Tailless Nano Hummingbird

https://www.youtube.com/watch?v=SgxtIPIDBnY

Nano Hummingbird
by AeroVironment Inc.
(Keennon et al., 2012)
weight 19 g
wingspan 16.5 cm
endurance 4-11 min


https://www.youtube.com/watch?v=SgxtIPIDBnY

Festo—Bionic Opter (2013)

" M

BionicOpter

https://www.youtube.com/watch?v=njlyhz5i020



https://www.youtube.com/watch?v=nj1yhz5io20
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Observation, Learning, Imitation »

Flight Inspiration 2 Creation
Mechanics

l

3-D Measurement Artificial

Design & Test

& Analysis
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Biomimetic
Vehicles

Life among the Formulae of Physics
- Biomimetic Technology and Novel Design Concepts

= Innovative Products
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Swimming fish Hovering bird
(Crucian carp, #4.) (Japanese white-eye, 4% &%)
Flow 2009 3 #

Visualization BEAM Lab.


../../2009-2010 general information/2010 ME網站資料/201003 網站/2010 仿生科技演講稿/2009 Films for Biomimetics/粒子的藝術.MPG



better/00078 實驗步驟.MTS
better/00089 豆娘飛行及flow visualization.MTS
better/00089 豆娘飛行及flow visualization.MTS
better/00089 豆娘飛行及flow visualization.MTS

NTU, BEAM Lab.
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? 5&' ﬁ/&'} ¥ for birds and insects
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better/00078 實驗步驟.MTS
better/00089 豆娘飛行及flow visualization.MTS
better/00089 豆娘飛行及flow visualization.MTS
better/00089 豆娘飛行及flow visualization.MTS
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wing span

high speed camera

film of experiment computer


20151022 家瑜 彥傑 影片/豆娘飛行之PIV流場.avi
20151022 家瑜 彥傑 影片/豆娘飛行之PIV流場.avi
20151022 家瑜 彥傑 影片/20151021 豆娘機構滑移.avi
20151022 家瑜 彥傑 影片/20151021 豆娘機構滑移.avi
20151022 家瑜 彥傑 影片/20151021 豆娘機構PIV測試 家瑜 彥傑.mp4
20151022 家瑜 彥傑 影片/20151021 豆娘機構PIV測試 家瑜 彥傑.mp4
20151022 家瑜 彥傑 影片/20151021 豆娘機構PIV測試 家瑜 彥傑.mp4

Flow Visualization & Kinematic Analysis

FRIEAT <, o~ BEE L 2013

Particle Image Velocimetry (PIV)— 10,000 frame/s
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Synchronized PIV & Motion Analysis
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Tirumala limniace

5

Erythrura gouldiae




The Complete Process of the Investigation for
Passerines




Estimation of lift force based on
the vortex-ring model
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When butterflies are flying,
they swing their abdomen, head,

antennas or even their foots to
make their body rotate regularly. g

i / body axis t=0.37

every 12 ms

Body angle was continually changing in §& e ! ""K! _____
all species record (Ellington,1984 ) ‘ ‘

L ]
v

-

il

- —

flying butterfly

Indian leaf butterfly

(Kallima inachus) Body position in free
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Enhanced thrust and speed revealed in the forward

flight of butterflies with transient body translation
(tF &£ 4-)

g Particle sprayer

High speed camera
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Symmetry Flapping Motion

YLD

Hovering Vertical take off Vertical take off
(=90 +27") (6=90"+30 (6=90"1+40)



Flapping Wings Micro Air Vehicle mav
" NN

g
Golden Snitch
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Flapping-Wing Model

I

sz gwing flexionei § —_—

Biomimetics !

INNOVATION INSPIRED BY NATURE !


../2010 仿生科技演講及影片/攝影機架設示意圖.mp4
../2010 仿生科技演講及影片/攝影機架設示意圖.mp4
../2010 仿生科技演講及影片/2009 Films for Biomimetics/粒子的藝術.MPG
../2010 仿生科技演講及影片/2009 Films for Biomimetics/機械壁虎爬牆 Stickybot_040106.mov

Analysis of the Mechanism of the Forward Flight in Japanese
White-eye and Design a Bird-Mimicking Mechanical Flapper
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20151022 家瑜 彥傑 影片/鳥翅膀1.mp4
20151022 家瑜 彥傑 影片/鳥翅膀1.mp4
20151022 家瑜 彥傑 影片/鳥翅膀2.mp4
20151022 家瑜 彥傑 影片/鳥翅膀2.mp4
20151022 家瑜 彥傑 影片/1 翅膀下的秘密.avi
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20151030 Artificial wings of Dragonfly V5_1.avi
20151030 Artificial wings of Dragonfly V5_1.avi

Components of Butterfly-based MAV

in progress....

M.S. graduation
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(2014/02-2017/01 PhD)
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% ¥ 8 (2015/08-2017/06)
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