Biomimetics (Biomimicry, Bioinspiration)

- Biology + Mimetic (imitating_LaEIuLL‘]_l‘]_l )

* Learn from biological structure/function

- Adapt to Manufacturing_miwaﬁ

Wild Chrysanthemum fruits
Attach to animal hair/human clothes to deliver

—> Stick and Separate...

http://karapaia.com/archives/51779826.html




Sticking: Geckos foot and ivy_ o3, *

The structure

Gackos (Hemidactylus spp.) can chmb glass P~ Gackos' feet are 0

walls and hang #rom callngs without a visible ¢ q sticky that, in theovy,

method of sticking to them. Researchers B they could suppovt the
weight of 2 130 kg

found that geckos can adhere 10 g aviy-
daying surfaces becausa of the alectrastatic poaAmprbrdarasion -

interaction betwean the maleculas i ther
feat and the molecuwes an a sudaca®

Geckos foot
- Very thin structure

- van der Waals force
(Intermolecular force)

Sticky lvy

The application

Hand pads, each

coveradin thas with

vy sicon rutiber

hars that mimic
geckos' feet mean
humans can scale
walls Mke Nzards. The
movefaorce appied to
the pads, the stickler
thay become™.

25, 014020
datas b

Sucker structure + sticky liquid

X »

2 5 < om :
The pads of a gecko foot (main picture) are covered
with thousands of hairs (inset) called setae.

paper on the wofk early in 2015, says that they
were able to render the surfaces superhydropho-
bic without any chemical coating, which means
that the coating will not rub offin the future.




Gecko foot

Attachment pads
total area of
two feet ~220 mm?

T To lamella

Upper level of seta
length 30-130 um
diameter 5-10 ym
p ~14000 mm™

Lamellae
length 1-2 mm

\

Middle level (branches)
length 20-30 um
diameter 122 um

Lower level (spatulae) \
/ length 2-5 pm
Setae diameter 0.1-0.2 g™y
piseta 100-1000

X
Tips of spatulae é Z 2&’

length ~0.5 pm
width 0.2-0.3 um
thickness ~0.01 ym




Nature 519, S3, 2015: Biomaterials

(UGN BIOMATERIALS

LEARNING FROM NATURE'S BEST

Materials researchers are taking cues from specific plants and animals that make substances that could
endow humans with superhero powers. By Julie Gould.

@ svPersTRONG 5.0 50

Spiders can make up to seven
tferant types of ik The
strongest /s draglne SIK, which
15 used for bulalng webs™.

Darwin’s bark spider
(Caerostris darwini) can
Spin ik threads”
that can measue
wo25m,

o SUPER FAS'I' Seepage S10

The Inspiration
. i

>

Shark sk/n s made up of tooth-ike V-shaped scales called
dermal denticlas that align paralld to the avection of local
water flow toreduce arag®.

The structure Strand of
spider slk
Core.
Fibrils.

Crystaline proteins
give strength

Spider drghine slikis
made of Abws compesing
proteins that are made
af crystaline structures
that prow e strength and
amarphous, formiess reglons

that prowide Aexibilty.

The shortfn
mako shark (Isurus
axyrinchus) can
reach up to
60 miles per
hour
(100kNometas
per hour,;

The structure S

fhour)
n short bursts®.

. Prrmer,L & Shatet TAIE62, 154161 (20781 2.0%ax
& Soence 324,458 L AWen, Lata. ). B
o2 ks ¥ 30 Mo AU Karkatod Guiss 230 Dy, 201

Mot sl FLoE GNE 6,628

The application
Infusing metal Into spidev sk
Incraases /ts toughness tantld”.
The resul/ng thread could ba
usad/n articlal tendons.

The application

A swimsult made
rom dlomimetic
shark skin
could/ncrease
3 human
swimmer's speed
by amost7 %
Dut the Nkelhood
of it being allowed
In compet'tve
sportls sim’.

© suPERDRY <. o0

The scales of 3 pine cone are Mad up o two
diferent iayers, eachreacting diferenty
changes i humidly. One Iayer elongates/n
damp condifons and the other warks o resist
this, causing the scales to bend. R /s similar to
the way a tharmostat’s imetalic srip bands
In respanse to changing temperature®.

© sveercLean:..,...o;

The laaves o tha lotus plant (NElUmbo spp.)

have evolved an inticate stucture consisting
of papilae covered In a dense coating of wax
tubues Trapped alr raduces tha Nqu/d-io-
surface contact area, so water rolls off the
surface and collects dust parfides on /ts way’.

Wi

Gackas (Hemidactylus spp.) can chmb glass
walls and hang  om calings Without a visila
methad of sticking to them. Researchers
Tound that geckos can achere to gravky-
dalying surfaces becaus of the alecrostatic
Interaction between the malecules in ther
feat and the molecules on 2 suface”.

The structure

Fact
The conas of the knobcone
pine (Pinus attenuata) only
open thelr scales o drop
seeds/n the exvame
reatorawildfire.

Fact
By 2013, the global
nanocoatings maket
Isfarecast to
reach 3 value of
US$142 dilkan.

The structure

Gackos' feet are so
sticky that, in theowy,
they could suppart the
weight of 2 130 I(g
person hanging ¥ om
tha caling™.

s 390, £68 (10575 7. Enshat KL &t & LN: 153—15!# 58 m’?n-;g.a.mm.
%0 (2002F 11, Hawas, EW. o3,

Aubimn, K& Faatts, A, W(ng. Canp 819,42, 10831

BIOMATERIALS RutHKi[I)S

The application

Water-absorbant layer
Spikes of wool

Resaarchers have developad smart materials
With woollen spikes that are sensitve to
relatie humicky. The wool SpIkEs open when
the waarer sweats and close whean the layer
drles out

The application

Synthatic materials with a hierarchical sudace,

such as thase that mimic the lotus/eat, have

gaps filled with a lubricant so that the
mataralls staln- 3 wall as watarrag'stant”

The application

Hand pads, each

coverad in tas with

oy sWcon rubber

hars that mimic
geckos' feet mean
humans can scale
walls WkeNzards The
movefarcs appied to
the padk, the stickiar
thay become™.

D140 0341 0. Auhuren, K. 3t & Froc Naf Aca 2. LSt
hifg/ o 53 g0 1CURAT L201406




Spider silk

© svperstrONG ../ o o

The Insplration The structure

PHRIE" ]

Spiders can make up to seven
aViarent typas of sk The

strongest is dragVna sk, wivch
I5 used for bulding webs™.

Spider draghine sikls
mada of Abls compising
protalns that are mada
of crystalne structwras
that prowde strength and
amarphous, farmiess ragions

Darwin's bark spider that prowida ety

(Caemstns darwinl) can
spin sk thraads”
that can measure

w25 m,

Strand of
spider sk
Core
Fibnls

Crystaline proteins
give strength
Amorphous
proteins give
flexibility

- 7 different types of silk from one spider

- Crystallized protein
- Strong and supple (elastic)

The application

nfus'ng metal into spider sk
Incraases Its toughness antld”.
Tha resuring thread could ba
usad/n artiiclal tendons




Spider silk

9

TeILu9NU can be 2m size on the river

Spiderweb

7 times stronger than steel, and with elasticity

still around half strength)

icial string;

if

(Art

. PLOS ONE 20110 /4
iber)

Univ. Japan: Spiber.Inc (Spider+F
ion
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Darwin’s bark spider

https://www.youtube.com/watch?v=gSwvH6YhqlM
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Superhydrophobic

(Water-repeuent) 2 The leaves of the lotus plant (Nelumbo spp.)

have evolved an nticate structe conslsting
of papiiae covered /n 2 dense coatng of wax
tubues Trapped alr reduces the ¥ qu/d-io-
swrface contact araa, so water rolls off the

- Lotus Ieaves (Iotus effect) surface and colects dust parfdes on /ts way”.
- Surface cell structure
- water repelling
- dirt absorption

. : =3 L By2019, the g
—> super-clean 2 TR g | reach avalue

USTIL2 DN

/i

Lotus-leaf Sake, Kyoto temple

The application

Synthatic matarials with 2 hierarchical suwace,

Small holes on leaf vastulature Such 3 thase that I the otus e e

gaps filled with a lubricant so that the
mataralls staln- 35 wall a5 watasragstant’

Pour Sake on the leaf and drink

Good for your health and long life




SEM imaging of leaf epidermal cells

Small hairs on surface

Interval of cells, cell structure, and
water viscosity_mmwﬁﬂ (M E)

Dipole
moment

Wenzel wetting Cassie-Baxter wetting
A B

Lotus Effect - superhydrophobic,
self-cleaning, low adhesion

(Bhushan et al., 2009) (AMMAMMAMAMAAAMMMAY  PAMMAAMADAAARAAAAY



(@ ®

W

apply dental wax apply EPOXY resin

How to make replica

Ui
cemplate dcntalw (dental resin)

after hardening, after hardening

separate negative separate positive

from template from negative
negative moulding process positive moulding process

Si (silicon) surface

14 um diameter
30 um height
23 um pitch




(b)

radius of droplet (um)

1000
300+
600 -
400+ “w, Wenzel regime
o0l Co
0 50 100 150
pitch (Lum)

Bhushan et al., Phil. Trans. R. Soc. A 2009, 367, 1631

Interval of EllEl_ﬂ’J"IﬁJllﬁJ'ﬁﬁuﬁiJ@

Size of droplet
Water repellency




Lotus effect

* superhydrophobic
- self-cleaning
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Water repelling umbrella
JPY 30,000 (THB 8,500)




Other examples
- Birds beak = train head (Super-express) . A
- Mosquito needle 2 injection needle
- Snail shell 2 wall with less dirty

- Moth eye = screen with less reflection

- Morpho butterfly = structural color

https://www.cmicgroup.com/-/C-PRESS/web/00_16.html
http://www.yoshioka-lab.com/kaisetsu/morpho.html




Artificial leaf: silkworm silk + chloroplast Green island (moth larvae)

— ——

https://simonleather.wordpress.com/2019/09/10/green-
islands-mining-cytokinins/
https://createdigital.org.au/artificial-leaves-building-green-infrastructure/




Elowan: A plant-robot hybrid (MIT media lab)
cybernetic lifeform
bio-electrochemical signals

Cyborg Botany

Move by itself towards light
https://www.youtube.com/watch?v=EoXQBQR50aE

”\ Elowan: A Plant-Robot Hybrid

zoMOBE |

P o) 0:55/1:48

-

#

YouTube




Plantoid (sensorized robotic roots)

Sadeghi et al. 2016
Bioinspiration & Biomimetics

Natural roots (reaction to environmental parameters, i.e. tropisms)
(1) multi-sensing capability
(2) soft bending behavior

Mimicking root system by soft spring-based actuation (SSBA) systems
4 different sensors: touch, humidity, gravity, temperature
c)

Plantoid

Robotic Root

Driving Unit

DC Gear-Motors

.

(Sensorized Root Apex ==

Perpendicular Ping ————» X
Nut holes

Cylinderical Shank ~——p |

; ¢ 2 .
Robotic Roots 4 % , Sensorized Apex ———»




Conclusions

- Answers lie in nature
The answer is blowing in the wind

The Ins; pl atio f
'
K3

Spiders can make up to sava
avsare ntrype orswc The )
strongest /s dragina sWk, wiich [P aE i
15 used for bulaing webs®. I

- Learn biology and adapt to technology
- Depends on your idea!

(you can be a millionaire) —

20 minutes break with watching TED




TED by Heather Barnett
What humans can learn from semi-intelligent slime

MEMBBESABITBATMWADTL]

https://www.ted.com/talks/heather_barnett_what_humans_can_learn_from_semi_intelligent_slime






Finding out the rule in nature
- Phyllotaxis (angle of leaves)
- Fibonacci sequence, golden ratio

Kyoto
Botanical
Garden




Romanesco (Brassica)

Kondo lab, Oaska Univ

Calculate the spiral pattern?

Golden ratio




Plant spiral pattern: 137.5°

Leonard Pisano
(Fibonacci)

Fibonacci number/sequence

Fo..=F..Fr; 1,1,2,3,5,8,13,21,34,55,89,144,233...



Leaf angle




= o w A v A o @ J @ Y A o Y o !
1. HJ?JHE’HW]JV\II‘UUﬂGMﬂﬂ 1 ﬂTH'JiH@@ﬁWﬁ'JuﬂJ@Q@'J!ﬂﬂlﬁlﬂﬂ!ﬂEN 2. ﬂ?ﬂ'lﬂ!i;ﬂillﬂ'lﬂﬂ?ﬁﬂﬂ (Wﬁ\ﬂ\iﬂﬂﬂ@ﬁf’ﬂ: 3600)

1,1,2,3,5,8, 13, 21, 34, 55, 89, 144, 233, .....

Ratio of neighboring numbers

1/1=1
2/1 -9 1. Write down the Fibonacci sequence from 1. Calculate
B the ratio for neighboring numbers.
3/2=1.5
5/3 = 2. Calculate the leaf angle with the answers.
8/5 = (One circle degree: 360°)
13/8 =
21/13 = 1. @weuaa U ludn®se1n 1 MUINOATITIUVD
34/21 - Iy} (1 9 A
ALY INALAEN
55/34 = 0 Y o & o
89/144 — 2. ﬂ”ll!’JﬂﬂzliJﬁl’Uﬂ’JfJﬂW]@U (HUIWNAUDIA: 360 )

233/144 =



Fibonacci sequence

1,1, 2,3,5, 8,13, 21, 34, 55, 89, 144, 233, .....

Ratio of neighboring numbers

1/1=1

2/1=2
3/2=1.5

5/3 = 1.6666666
8/5=1.6

13/8 =1.625
21/13 =1.615
34/21=1.619
55/34 =1.617
89/55 = 1.618
144/89 = 1.618
233/144 =1.618




1. The golden ratio ¢ is the answer for x?-x-1=0.
Solve this quadratic equation_auM1INIAIAD

2. Derive the phyllotaxis angle 137.5 © from the obtained x.

e ——
—_
— -~

- T~ Rectangle + square
, N that resembles the
/ \ original rectangle

side ratio

1 x:1=1:(x-1)

[EY

\ / X(X'1)=1

\ ) ’ x2-x-1=0

St———_ ——

*Golden ratio ¢ (phi: after Phidias (xr5«72X) , the greatest sculptor of ancient Greek)
V5 (square root of five)=2.2360679



x?-x-1=0
(x-1/2)2-1/4-1 =0
(x-1/2)>=5/4
x-1/2 = £V5/2
x=1/2 £ Vv5/2

= (12£V5)/2

X is plus: x = (1+V5)/2
- 3.2360679/2= 1.61803

360/1.61803 = 222.49278
360-222.49278 =137.50721

U B WN -

. Make a square with “x?-x”
. Subtract the surplus (1/4)
. Remove the square: =

. X is not minus -> plus only
. Circle angle: 360°

o~ W N

A5 NAwanusny “X2-X"

AUAYLNY (1/4)

CAUAWRRN: =

X 'l ay -> uanwingiu
(o}

CHHWNAN: 360




We can show the leaf angle with simple calculation

Fibonacci sequence:
Simple addition of numbers






Chrysanthemum shoot apical meristem (SAM): flowers from outside

Takeda et al., Hort J. 2017
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Magnoliids

Amborella trichopoda

Floral organs arrangement

Co-evolution with pollinators

Int J Plant Sci 2001
http://science.kennesaw.edu/jmcneal7/plantsys/basals.html



Spiral in animals @
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https://gendai.ismedia.jp/articles/-/55786



Spiral in animals @

inclined

Inclined+round

B3 BMosPFRSs [HNSE] O
AlR—tyhh—, B:EyJik—, C: 5wy o0f D:IVERDHF
(BT wmmrm),

Stacking discs
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Spiral in animals @ sea shells
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Spiral in animal® turtle shell

https://gendai.ismedia.jp/articles/-/55786



Striped pattern

. . A1l 8703 F%0Fv04584 (BRA) O
B5 so8# (A) L3 sLEREBOR (B) BT (k) £v3a2L—-2av (F)




Striped pattern — zebrafish experiment

3

ABEEFERT ZHOCTS T v 108M. ReREOBRBRMRELTVS
B! BWE TS50+ v 10OBROZELORMEA,

B6 €757¢v%1 (A) & ”
TORMOMBY | EZ5 BEROLVERE  REEROERE

Striped with yellow and black dots



- Remove yellow or black cells with laser
- Same results for yellow and black cells

- Inhibit each other




Black inhibit yellow

" Yellow required for
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Turing’s reaction-diffusion model
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Reaction-diffusion model

- relation of 2 factors
- depends on distance

- make a ‘wave’ pattern

A Opocgg‘ » 09683 &Oo%.%g C
&@%ﬁ@%@

100%
50%
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Reaction-diffusion model: dot and stripe (leopard, tiger, fish, ...)

EELET
R

MFIEF
R

(VA=

A: EICXK->TW3 B: EFTx#5 C:FlcL->TW3
13 Turing ;E TTZ 2R L—RTTOEN

B14 Epomc. ®130A.B.C 1 ST B IRFEO Turing &
(Turing pattern)



Alan Turing

- UK, 1912-19544F (41 years old)
* Turing machine (computer)
* Decoding the German code (Enigma)
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Reaction Diffusion
46,553 EIREE + 2014/11/29 h 883 LJ8 HHE =HEF ..

Kerim Diindar g =
’ F o RIBERER 1804 FrFIER

Designers, whom always had the inspiration from nature, were imitating the observed results .

of nature until recently. From now on, designers can borrow the processes that create those https / / WWW.yo utube.com
results. Reaction Diffusion is one of the creation processes of nature. In nature, many living / WatCh ?V= PtP K_XXS H kS
beings pattern and form are occurring as a result of this process. The animation you are

about to watch in this project, as an example of biomimicry in design, is designed with an

algorithm that borrowing the Reaction Diffusion creation process from nature.

Animation by Kerim Diindar.
Sound by Mehmet Kemaloglu.

* This animation is in the collection of 2nd Istanbul Design Biennial 2014 Academy Program.



Clack on melon skin, giraffe, soil
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CaCO; (calcium carbonate) + water - dry

soft round
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Dragonfly wing structure e T
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a-c, Structural features of the drag-generating pappus at multiple scales: the uCT scan of a dandelion seed (a), the
top-down view of the pappus (b) and the light microscopy image of a section of a filament (c). d, e, A vertical wind
tunnel (d) was used to visualize the steady vortex downstream of a dandelion seed (e) at the terminal velocity of a
seed. f, At 60% of the terminal velocity, the vortex is slightly larger and more symmetric, showing the structure of
the separated vortex ring more clearly. g, h, In the same flow conditions as e and f, solid and porous disks generate
vortex shedding (g) and a separated vortex ring (h), respectively. Scale bars, 50 um (c¢) or 5 mm (all other panels).






Biological function Flower-like mantis

Leaf-like moth
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Conclusions

1. Fibonacci sequence and leaf pattern
2. Fibonacci sequence in nature

3. Spiral in animals: stacking discs

4. Reaction-diffusion model by Alan Turing

We have a lot to learn from nature



