
Biomimetics (Biomimicry, Bioinspiration)

・Biology + Mimetic (imitating_เลียนแบบ )

・Learn from biological structure/function

・Adapt to Manufacturing_การผลิต
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_ ไอวี่, ツタ

Geckos foot
- Very thin structure
- van der Waals force
(Intermolecular force)

Sticky Ivy
Sucker structure + sticky liquid



Gecko foot



Nature 519, S3, 2015: Biomaterials 



Spider silk

- 7 different types of silk from one spider
- Crystallized protein
- Strong and supple (elastic)



Spider silk

Spiderweb_ใยแมงมมุ can be 2m size on the river 
7 times stronger than steel, and with elasticity
(Artificial string; still around half strength)

Venture from Keio Univ. Japan: Spiber.Inc (Spider+Fiber)
- strong fiber, clothes, shock absorption
- strong and light→ save energy

PLoS ONE 2011



https://www.youtube.com/watch?v=gSwvH6YhqIM

Darwin’s bark spider



Superhydrophobic
(water-repellent)

- Lotus leaves (lotus effect)
- Surface cell structure
- water repelling
- dirt absorption

→ super-clean

Lotus-leaf Sake, Kyoto temple

Small holes on leaf vastulature

Pour Sake on the leaf and drink

Good for your health and long life



Interval of cells, cell structure, and 

water viscosity_ความหนืด （粘度）

Cassie-Baxter wettingWenzel wetting

SEM imaging of leaf epidermal cells

Small hairs on surface



How to make replica

(dental resin)

Si (silicon) surface

14 μm diameter 
30 μm height 
23 μm pitch 



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

Interval of 凸凹_ความไม่สม ่าเสมอ
Size of droplet
Water repellency



Lotus effect 

・ superhydrophobic
・ self-cleaning

Water repelling umbrella

JPY 30,000 (THB 8,500)



Other examples

- Birds beak → train head (Super-express)

- Mosquito needle → injection needle

- Snail shell → 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



https://createdigital.org.au/artificial-leaves-building-green-infrastructure/

Artificial leaf: silkworm silk + chloroplast

https://simonleather.wordpress.com/2019/09/10/green-

islands-mining-cytokinins/

Green island (moth larvae)



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=EoXQBQR5OaE



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



Conclusions

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

- 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

「準知的粘菌が人類に教えてくれること」
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)

Calculate the spiral pattern?

Golden ratio 

Kondo lab, Oaska Univ



Fibonacci number/sequence 

Fk+1=Fk+Fk-1

Leonard Pisano 
(Fibonacci) 

Plant spiral pattern: 137.5°

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



Leaf angle 

180°

90°

120°

137.5°



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 =  
8/5 = 
13/8 = 
21/13 = 
34/21 = 
55/34 = 
89/144 = 
233/144 = 

1. เขียนล าดบัฟีโบนกัชีจาก 1 ค านวณอตัราส่วนของตวัเลขใกลเ้คียง 2. ค านวณมุมใบดว้ยค าตอบ (หน่ึงวงกลมองศา: 360°)

1. Write down the Fibonacci sequence from 1. Calculate 
the ratio for neighboring numbers.

2. Calculate the leaf angle with the answers.

(One circle degree: 360°)

1. เขียนล าดบัฟีโบนกัชีจาก 1 ค านวณอตัราส่วนของ
ตวัเลขใกลเ้คียง 
2. ค านวณมุมใบดว้ยค าตอบ (หน่ึงวงกลมองศา: 360°)



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

180°

90° 120°

137.5°



1. The golden ratio φ is the answer for x2-x-1=0. 

Solve this quadratic equation_สมการก าลงัสอง

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

*Golden ratio φ (phi: after Phidias（ペイディアス）, the greatest sculptor of ancient Greek)
√5 (square root of five)= 2.2360679

Rectangle + square

that resembles the 

original rectangle

side ratio

x:1=1:(x-1)

x(x-1)=1

x2-x-1=0

x

1

x-1

1



x2-x-1 = 0

(x-1/2)2-1/4-1 = 0

(x-1/2)2 = 5/4

x-1/2 = ±√5/2

x = 1/2 ± √5/2

= (1±√5)/2

X is plus: x = (1+√5)/2
→ 3.2360679/2= 1.61803

360/1.61803 = 222.49278
360-222.49278 = 137.50721

1. Make a square with “x2-x”
2. Subtract the surplus (1/4)
3. Remove the square: ±
4. X is not minus -> plus only
5. Circle angle: 360°

1. สรา้งสี่เหลี่ยมดว้ย “x2-x” 
2. ลบส่วนเกิน (1/4) 
3. ลบสี่เหลี่ยม: ± 
4. X ไม่ใช่ลบ -> บวกเท่านัน้ 
5. มมุวงกลม: 360°



We can show the leaf angle with simple calculation 

Fibonacci sequence:
Simple addition of numbers 

Fk+1=Fk+Fk-1



Nature by numbers

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



Chrysanthemum shoot apical meristem (SAM): flowers from outside

Takeda et al., Hort J. 2017



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

Amborella trichopoda

Floral organs arrangement

Co-evolution with pollinators



Spiral in animals ①

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



Stacking discs

Spiral in animals ①

flat

inclined

Inclined+round



Spiral in animals ② Ammonite



Spiral in animals ② sea shells



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

Spiral in animal③ turtle shell



Striped pattern



Striped with yellow and black dots

Striped pattern – zebrafish experiment



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

→ Inhibit each other



Black inhibit yellow

Yellow required for 
black

Distance!



Turing’s reaction-diffusion model

Promote in long distance

Inhibit in short distance
(each other)



Reaction-diffusion model

- relation of 2 factors
- depends on distance

→make a ‘wave’ pattern



Reaction-diffusion model: dot and stripe (leopard, tiger, fish, …)



Alan Turing

・UK, 1912-1954年（41 years old）
・Turing machine (computer)
・Decoding the German code (Enigma)



https://www.youtube.com
/watch?v=PtPK_xx5Hks



Clack on melon skin, giraffe, soil



CaCO3 (calcium carbonate) + water → dry 

hard roundsoft



Dragonfly wing structure



a–c, Structural features of the drag-generating pappus at multiple scales: the μCT 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 μm (c) or 5 mm (all other panels).

Dandelion fluff

30km ~ 150km trip

Air vortex_กระแสน ้าวน

Nature 2018





Biological function
Leaf-like moth

Flower-like mantis

Bee-like orchid flower



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


