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emerged as an asset toward survival 140 million years ago

Feathers and wings…. 

“Evidence corroborates identity of isolated fossil feather as 
a wing covert of Archaeopteryx” by Ryan M. Carney, Helmut 
Tischlinger and Matthew D. Shawkey, 30 September 2020, 
Scientific Reports. DOI: 10.1038/s41598-020-65336-y

Voeten, D.F.A.E., Cubo, J., de Margerie, E. et al. 
Wing bone geometry reveals active flight in 
Archaeopteryx. Nat Commun 9, 923 (2018). 
https://doi.org/10.1038/s41467-018-03296-8



Inspiration from nature

4

A bit too much to the letter



100 years later…
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airbus.com dassault-aviation.com

But still… could be smarter 

smarter lighter more efficient

Survival of the fittest

http://airbus.com
http://dassault-aviation.com
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R Bomphrey, 
J Cheney 
RVC

An owl and a gust…

Reaction time faster 
than reflex arc!?

Avian wing

Initial mechanism is 
passive, based on 
compliance

Morphing planform

Controllable compliance

Sensor-rich

Feathers collocate 
actuation and sensing

Pennycuick. Modelling 
the flying bird
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Black vulture

Flight strategy: thermalling 
and cruise phases

griffons, respectively) (Figs 1, 2 and S1). Note that the soaring and
gliding phases occasionally included a few short flapping bouts,
depending on weather and the need for sudden acceleration by the

bird. The maximum flight heights above ground reached by the
two vultures were 657 m for Eurasian griffon and 825 m for
Himalayan griffon (Table 1).

Figure 1. Example of flight track, heart rate and behaviour. A) One of the flight paths followed by the Himalayan griffon vulture under sunny
conditions, with information on HR (gradient of colour from red (HR.300 bpm), orange, purple, to blue (HR,100 bpm)) and behaviour (small dots =
soaring/gliding; large dots = flapping) superimposed. The black star marks the start and end of flight and black arrows give the first direction of
flight. Soaring phases are numbered in black for an easy correspondence with panel B (see also Fig. S1 for 3-D visualization); B) a time-based
projection of altitude (top), heart rate (HR, middle, in red) and an index of body activity based on acceleration signals, highlighting the flapping and
walking bouts (ODBA, bottom, in black). For the altitude panel, the colour of the line changes with behaviour (with the flapping bout marked by a red
arrow) and the green numbers refer to the same soaring phases as in panel A.
doi:10.1371/journal.pone.0084887.g001

Heart Rate in Soaring Vultures

PLOS ONE | www.plosone.org 4 January 2014 | Volume 9 | Issue 1 | e84887

Exploitation of atmospheric flow 
structures (thermals, ridge lift, …)

Risk management

Unlike (most) aircraft, birds rarely fly in a straight line…
especially birds of prey, like vultures

Disturbances are…
information about surrounding 
flow that can be leveraged

Duriez et al 
PLOS 2016
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Heart Rate in Soaring Vultures

PLOS ONE | www.plosone.org 4 January 2014 | Volume 9 | Issue 1 | e84887

Exploitation of atmospheric flow 
structures (thermals, ridge lift, …)

Risk management

Unlike (most) aircraft, birds rarely fly in a straight line…
especially birds of prey, like vultures

Disturbances are… Man-made flight controllers 
mitigate disturbances 
but do not learn from them

information about surrounding 
flow that can be leveraged

Duriez et al 
PLOS 2016
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Glider pilots know some vulture tricks 

but …

Autonomous flight = reverse-
engineering of flight cognitive 
processes and strategies

Credit: P. Chatelain 2022

- Stiff planform without sensory 
capability 

- Limitations of human proprioception 

- Soaring/gliding for general air 
traffic? 

UAV-based services = an opportunity



Formation flight
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Credit: Airbus 2021

2 Introduction

In order to limit the risk of incidents, the International Civil Aviation Organization
(ICAO) thus imposes minimum separation distances between aircraft, which explains
the existence of the well known air-lanes and time intervals between successive take-
o�s or landings [97]. The increase in air tra�c over the last decades has only increased
the risk related to wake encounter though, especially near airports where the concen-
tration of the air tra�c is very high. In the busiest airports, we observe a saturation
of the air tra�c. The reduction of the separation between aircraft is therefore of ma-
jor economic interest, which has led and continues to lead to a major research e�ort
to improve tra�c within the airport while guaranteeing safety. Large scale project,
among others in Europe, have been dedicated to the problematic, e.g., the European
Wake Vortex Recategorisation (RECAT-EU).

The knowledge of the dynamics of the wakes produced by aircraft in cruise con-
dition is also of major interest, in order to avoid wake encounters. Aircraft wakes are
indeed powerful long-lasting structures, whose behavior depends on the external en-
vironment such as turbulence, stratification, wind, etc [37]. The understanding of the
mechanisms governing their propagation, decay and demise is therefore essential to
ensure the safety of aircraft flying in the same air lanes. All these studies have helped
define the rules to ensure the safety of airplanes.

Picture 1. V-shape formation of migratory birds flying to their wintering grounds,
observed in Olloy-sur-Viroin. Copyright Ignace Ransquin.

Credit: I. Ransquin 2022

Another bio-inspired flow exploitation strategy

Wake energy retrieval through extended formations Fuel savings ~10% 

Maintain optimal lateral position 
Sense and track the wake vortices
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➡ Fuel savings: 15%
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Bio-inspiration most fertile when biologists and engineers meet
Still a lot to uncover!

Identification and reproduction of principles rather than naive mimicry

Embodied intelligence

Airbus AlbatrossONE

airbus.com

Behavioral intelligence

SESAR JU GEESE

http://airbus.com


Bio-inspired UAVs

13

Tackling flow control at two distinct spatio-temporal scales

Embodied intelligence Strategy

Fast-time efficient flow control 
for disturbance rejection 

Wing-as-a-sensor

Atmosphere-exploiting navigation

Formation flight

U

Solar irradiation

H
L

TI

thermal inversion 
x

y

Compliant planform
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