
 

 

document title/ titre du document 

ESA BESA BESA BESA BIOMIMICRY IOMIMICRY IOMIMICRY IOMIMICRY 
TTTTECHNOLOGY ECHNOLOGY ECHNOLOGY ECHNOLOGY TTTTREEREEREEREE    

 
 
 
 
 
 
 
 
prepared by/préparé par Mark Ayre 
   
reference/réference  
issue/édition 2 
revision/révision 03 
date of issue/date 
d’édition 

24 October 2003 

status/état  
Document type/type de 
document 

Work Package Report 

Distribution/distribution  



Document Title/ Titre Du Document 

 Page 2 of 7 
  

 

European Space Agency 
Agence Spatiale Européenne  

 ESTEC 
Keplerlaan 1 - 2201 AZ Noordwijk - The Netherlands 
Tel. (31) 71 5656227 - Fax (31) 71 5656024 

 

 

ABSTRACT 
The European Space Agency Biomimicry Technology Tree. 
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6100 Structures and Materials 
 
6100 (Structures) 
 
6100 (Structures.1) Novel Structures Structures that mimic novel forms found in natural 

structures. Examples include: 
 
Structures built by animals (for example honeycomb, 
webs) 
Load optimised structures 
Structures with novel topologies (for example water 
collection by stenocara beetle). 
 

6100 (Structures.2) Dynamic/Adaptive Structures Structures that exhibit an intelligent response to 
changing loads, either transient (dynamic response) or 
sustained (adaptive response). 
 

6100 (Structures.3) Deployment, Folding and Packing Novel bio-inspired deployment, folding and packing 
strategies. Examples include: 
 
Sunflower seed head packing 
Insect wing packing and deployment 
Leaf packing and deployment. 
 

 
6100 (Materials) 
 
6100 (Materials.1) Composites Novel forms of composite materials that reproduce the 

composite nature of biological materials. Examples 
include: 
 
Fibrous composites that replicate lignin and 
polysaccharide phases of wood 
Plate and polymer composites that mimic the structure of 
shell. 
 

6100 (Materials.2) Bio-Incorporated Composites Composite materials that incorporate to some extent 
biological or engineered biological materials/molecules. 
An example is the use of genetically engineered spider 
silk proteins in high tensile materials. 
 

6100 (Materials.3) Smart Materials Materials that can exhibit an ‘intelligent’ response to 
stimulus. Such materials incorporate: 
 
Sensing technology 
Actuation/response technology 
Control mechanism. 
 
Examples include photo chromic glass, and self-
healing/self-monitoring materials. 
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6200 Mechanisms and Processes 
 
6200 (Mechanisms) 
 
6200 (Mechanisms.1) Muscles and Actuators Biomimetic reproduction of the actuation characteristics 

of living systems (plant hydraulic mechanisms etc.). The 
focus is on reproduction of the characteristics of muscle. 
Examples of candidate materials and mechanisms 
include: 
 
Electroactive polymers and ceramics 
Shape memory alloys 
McKibben artificial muscles. 
 

6200 (Mechanisms.2) Locomotion Reproduction of one or more aspects of locomotion in 
the animal kingdom. Examples include: 
 
Flight mechanisms (predominant focus is on 
reproduction of insect flight, particularly vortex control) 
Ambulation mechanisms mimicking natural walkers 
Undulation mechanisms. Within fluids (.e. swimming) the 
focus is again on vortex control. Also includes undulation 
on land (slivering) and within a solid material 
(burrowing). 
 

 
6200 (Processes) 
 
6200 (Processes.1) Novel Processes Novel processes from natural systems, including: 

 
Cellular mechanisms (filtration, fluid and ion transport 
etc.) 
 

6200 (Power.2) Thermal Management Biologically inspired heat management and dissipation 
strategies. Includes both mechanisms for thermal energy 
retention and thermal energy dumping. Examples 
include: 
 
Use of capilliaried surfaces to dissipate heat (Desert fox 
ears) 
Differential temperature regulation within termite 
mounds. 
 

6200 (Processes.3) Fabrication Novel processes for the fabrication and manufacture of 
materials. Examples include:  
 
Deposition and mineralisation processes such as those 
involved in the growth of bone, shell and horn 
JIT manufacture, inspired by venom production in 
snakes. 
 

6200 (Power.4) Power Generation and Storage Power generation and storage technologies based upon 
mimicry of natural power production and storage (for 
example Pentads). 
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6300 Behaviour and Control 
 
6300 (Behaviour) 
 
6300 (Behaviour.1) Classical Artificial Intelligence AI based upon the classical AI paradigm (physical 

symbol system hypothesis) of functional decomposition. 
Examples include: 
 
Dynamic programming 
Reverse topological sorting 
Expert systems. 
 

6300 (Behaviour.2) Behavioural Artificial Intelligence  AI based upon the behavioural paradigm (situatedness) 
of task decomposition. Examples include: 
 
Study and application of animal behavioural mechanisms 
(animat approach). 
Development and design of basis behaviours and action 
selection mechanisms. 
 

6300 (Behaviour.3) Learning Mechanisms Biologically inspired behaviour in-situ mechanisms for 
behaviour modification. Examples include: 
 
Neural networks 
Learning classifier systems 
Reinforced learning. 
 

6300 (Behaviour.4) Swarm Intelligence (DAI) Distributed Artificial Intelligence control strategies based 
upon group and swarm mechanisms observed in nature. 
The central focus is on emergent properties and global 
problem solving behaviour. Examples include: 
 
Stigmergic behaviour 
Ant swarm mechanisms 
Shoaling and flocking behaviour 
Pack (small group) dynamics. 
 

 
6300 (Control) 
 
6300 (Control.1) Reflexive Control Biologically inspired control mechanisms centred on 

reflexive (i.e. stimulus-response) control. The focus is on 
integration of sensor systems and actuation systems – of 
particular importance here is the field of neuroscience 
and animat control, where neuronal control structures of 
animals are reproduced in robotics. 
 

6300 (Control.2) Rhythmic Control Control using bio-inspired rythmic pattern generators. 
Current focus is on Central Pattern Generators. 
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6400 Sensors and Communication 
 
6400 (Sensors) 
 
6400 (Sensors.1) Vision Bio-inspired vision systems. Examples include: 

 
Reproduction of oculomotor function. 
Reproduction of insect compound vision 
Image processing including image recognition, edge 
detection etc. 
Integration with behaviour and control systems. 
 

6400 (Sensors.2) Hearing Bio-inspired auditory systems. Examples include: 
 
Reproduction of Pinna movement to optimise sound 
reception. 
Bio-inspired mechanotranducive mechanisms (e.g. 
artificial hairs) 
Echolocation. 
Integration with behaviour and control systems. 
 

6400 (Sensors.3) Touch Bio-inspired touch systems. Examples include: 
 
Mechanotransducive mechanisms (EAP/SMA based 
etc.) – include touch sensors for temperature 
Haptics for  telepresence. 
Integration with behaviour and control systems. 
 

6400 (Sensors.4) Taste and Smell Bio-inspired taste and smell systems. Examples include: 
 
Biochemical signal transduction. 
Narrow and broad range compound detection. 
Integration with behaviour and control systems. 
 

 
6400 (Communication) 
 
6400 (Communication.1) Passive Group Communication  Communication mechanisms based upon instances such 

as pheromone deposition by ants. 
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6500 Generational Biomimicry 
 
6500 (Generational.1) Ecological Mechanisms Ecology inspired mechanisms. Examples include: 

 
Recycling 
Life support and enclosed biospheres. 
 

6500 (Generational.2) Genetic Mechanisms Genetically inspired mechanisms. The focus is on 
optimisation techniques. Examples include: 
 
Evolutionary Programming 
Genetic Algorithms 
Genetic Programming. 
 

6500 (Generational.3) Cultural Mechanisms Culturally inspired mechanisms. Focus is on 
development of culture within agent teams to improve 
task performance, as well as combining cultural and 
genetic techniques in optimisation. 
 

6500 (Generational.4) Geneering/Human Alteration The use of genetic engineering and therapeutic 
measures. Focus is split between: 
 
Mimicry of desirable traits of other organisms by 
therapeutic means (e.g. pharmacological means, or 
incorporation of trait specific genes into human 
genotypes (for example the ability to hibernate) 
Engineering/alteration of other organisms to improve 
their utility (for example nutritionally improved foods). 
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