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Part I – The Evolution of Biomimetics @ ACT
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Animals and plants might know better

George de Mestral (1951)

Wondered why burren attached to his 

dog´s furr…

...discovered the statistical interlocking 

principles...

...and invented Velcro.

Otto Lilienthal (1881)

Studied bird flight...

...derived fundamental aerodynamic principles 

(drag, lift)...

...and successfully flew.
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Numbers

Years 18

Research Fellows 9

Young Graduate Trainees 9

Interns 7

Ariadna studies 22

GSP studies 1

Books 1

Peer Review Papers 20

Conference Papers 20

Patents 1
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Topics
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So what happened to these topics…?

10 years of ACT

Spider feet

Optic flow
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Hold me tight…introducing new ways of grasping

Paper 2002

Ariadna + Papers

2009

Chapter 

2013

ESA ITT

201x

Ariadna + Papers

2015
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Get down safely…introducing new ways to land Zusammenfassung 15
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A bbi ldung Z.3: Charakterisierungsversuche des EMD-Prinzips: (a)

Ein-/ Ausgangskennlinie für einen hohen Kontrast der Bildpunkte. Die

theoret ischen Werte, die durch Gleichung Z.3 beschrieben werden, wer-

den in blau gezeigt . Die theoret ischen Werte minus den mit t leren rel-

at iven Messfehler werden in rot gezeigt , und die theoret ischen Werte

plus den mit t leren relat iven Messfehler werden in grün gezeigt . Unsere

Versuche zeigen, dass das EMD-Messprinzip unempfindlich gegenüber

der Umgebungsbeleuchtung ist . Der mit t lere relat ive Messfehler ist

3.05%; (b) Mit t lerer relat iver Fehlausrichtungsfehler für verschiedene

Ausrichtungswinkel µ. Der Messfehler bleibt bis µ = 6◦ etwa kon-

stant und steigt für größere Ausrichtungswinkel linear an. Der mit t lere

relat ive Fehlausrichtungsfehler wurde bezüglich der wahren opt ischen

Fluss-Komponente, die in der Messrichtung wirksam war berechnet .

2.2 Elementary Mot ion Detector 41
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Figur e 2.8: Input-output for different ambient light condit ions. The

input signal was a ramp covering the specified working range. The

theoret ical values described by the t ransfer funct ion in Eq.2.8 are shown

in blue, in red the theoret ical value minus the mean relat ive error, and

in green the theoret ical valuesplus themean relat iveerror. When tested

under ext reme ambient light condit ions, the relat ive measurement error

increases in about 1% due to the low contrast characterist ic of the input

images. (a) High contrast : the mean relat ive est imat ion error is 3.05%,

and (b) Low contrast : the mean relat ive est imat ion error is 4.04%.

Bright side of the Moon

Dark side of the Moon

Optic Flow-Landing 2008Cockroach behaviour 2008
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Get down safely…introducing new ways to land

Time-to-contact landing 2011
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Get down safely…introducing new ways to land
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Get down safely…introducing new ways to land

202220212021

And what it developed into @ ACT:
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Part II – Above & Beyond Biomimetics
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Challenges to biomimetics: towards a biodiversity-based approach

Phylogenetic history

Exaptations

Functional trade-offs

Developmental constraints

Environmental constraints

Non-adaptive evolution
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Challenges to biomimetics: towards a biodiversity-based approach
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Namib Desert beetles: biodiverse inspiration for planetary exploration

Deserts as planetary analogues 

● Tolerate extreme temperatures

● Extraordinary adaptations

● Thermal significance of colouration

Namib Desert beetles

Mars Namib Desert
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Namib Desert beetles: biodiverse inspiration for planetary exploration
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Pieris rapae

Goliathus goliathus

Cyphochilus sp.

Namib Desert beetles: biodiverse inspiration for planetary exploration

Onymacris candidipennis

?

Tropical Temperate

Hyperarid



19

Namib Desert beetles: biodiverse inspiration for planetary exploration
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Namib Desert beetles: biodiverse inspiration for planetary exploration
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Namib Desert beetles: biodiverse inspiration for planetary exploration

Thermal effect of near-infrared reflectance
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Namib Desert beetles: biodiverse inspiration for planetary exploration

Micro-CT, visualization of elytron canals

Nano-, Micro- and Macrostructure 
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Evomimetics: an evolution-based approach to innovation 
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Evomimetics: an evolution-based approach to innovation 

absorbance reflectance absorb → reflect → absorb

Biomimetics Evomimetics

Technical question = how can we design materials with enhanced:

Biomimetic Design Process
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Technical question = how can we create versatile designs that can:
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Evomimetic Design Process

1. Use biodiversity to generate ‘ancestral states’ 

2. Find evolutionary changes in traits/functionalities

3. Use evolutionary changes in traits as a template for designs

Technical Application
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Evomimetics: an evolution-based approach to innovation 
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Withstand breaking waves

Minimize damage to the body

Inflict mechanical damage 

Inject venom 

Evomimetics: an evolution-based approach to innovation 

Diversity in Microarchitecture

urchin spine, light micrograph



27

Evomimetics: an evolution-based approach to innovation 
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Evomimetics: an evolution-based approach to innovation 

Micro- and Macrostructure 

Diversity Mechanical Behaviour

Evolutionary Adaptive Changes
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Evomimetics: an evolution-based approach to innovation 

Evomimetics can be of significant importance to space applications: 

1. Designs with the ability to reconfigure performance to complete any task;

2. These versatile designs could respond, or even adapt to, environmental 

changes in unfamiliar habitats

Foundations of evomimetics:

1. Make the evolutionary dimension form an integral part of the biomimetic 

design thinking process.

2. Shift our focus from understanding biological organisms to the 

evolutionary changes that occurred in these organisms.

3. Use the evolutionary changes in traits – not the traits themselves – as a 

template for biomimetic design.


