
Dr. Mirko Kovac, 
Director, Aerial Robotics Lab

(m.kovac@imperial.ac.uk)

Infrastructure 
Diagnostics Infrastructure  

 Manufacturing

 Living  
 Infrastructure

Aerial Robotics for Infrastructures



Remote sensor placement

M. Kovac, Learning from nature how to land aerial robots ,  
Science, Vol. 352, Issue 6288, pp. 895-896, 2016 

INSIGHTS   |   PERSPECTIVES

896    20 MAY 2016 • VOL 352 ISSUE 6288 sciencemag.org  SCIENCE

IL
L

U
S

T
R

A
T

IO
N

: 
V

. 
A

L
T

O
U

N
IA

N
/
S
C
IE
N
C
E1 g 10 g 0.1 kg 1 kg

Comparable biological systems

Robotic systems

High control, sensing, and planning

Ballooning spiderBumblebee Fly Perching eagle

High passivity and mechanical intelligence

The size and mass dependence of perching. In both nature and robotics, perching for smaller flying bodies relies on the mechanical intelligence of the body morphology, whereas 
larger bodies use predominantly complex control, sensing, and planning. Mass is indicated on a logarithmic scale. In the top panel, perching in biology is shown with typical masses 
indicated: Bumblebee (Bombus ruderatus); housefly (Musca domestica); ballooning spider (genus Stegodyphus); and Verreaux’s eagle (Aquila verreauxii). In the bottom panel, 
perching of aerial robots is shown from the smallest to largest examples: The robotic insect of Graule et al.; the École Polytechnique Fédérale de Lausanne Perching Microglider; the 
Imperial College String-Based Percher; and the Stanford Univ. Scansorial Unmanned Aerial Vehicle.

As system scale decreases, the dynamic 
flight accuracy is generally reduced and 
computational power is limited. Highly 
robust perching is achieved by relying on 
passive features enabled by mechanical 
processes. For example, the École Polytech-
nique Fédérale de Lausanne (EPFL) mi-
croglider (12) manages to perch by using a 
smart attachment mechanism without rely-
ing on any sensor feedback. A mechanical 
trigger releases two elastically preloaded 
spikes that snap forward and attach to the 
surface. The mechanism is designed such 
that the mechanical impulse created by 
the snapping movement is sufficient to de-
celerate the robot smoothly to zero veloc-
ity just before the pins touch the surface. 
Its perching technique is similar to that of 
the housefly that uses its legs to dampen 
impact and attach to the surface without 
executing a complex flight pattern.

Perching with tensile structures simi-
lar to ballooning spiders has been used 
in (13), albeit for larger vehicles of ~26 g 
and in combination with a fairly complex 
force-compensated flight controller. Never-
theless, the same principle of relying on a 
thread to anchor the vehicle has been used 
to greatly reduce control requirements 
and allow for a highly robust perching 
maneuver. 

The robotic insect of Graule et al. perches 
by hovering beneath the target structure 
and initiating a controlled approach to 
the surface. It aligns its body such that an 
electrostatic adhesive pad makes contact 
with the surface and electrically engages 
the pad for attachment. Electrostatic ad-
hesive is a highly compatible solution for 
this scale because it is nondirectional and 
will work on practically any material un-
der most environmental conditions. The 
robot also uses a passive polyurethane 
foam mount that adapts to the surface ge-
ometry of the perching substrate and bal-
ances the vehicle orientation and approach 
trajectory before attachment. In a similar 
manner, bees attach to surfaces by slowly 
approaching the surface and then using lo-
cal adaptation with mechanical alignment 
structures to perch.

Perching can be achieved with complex 
sensing, planning, and dynamic flight ma-
neuvers as used by birds and large aerial ro-
bots. When the system is scaled down, the 
use of a more mechanical perching tech-
nique can be beneficial. The mechanical in-
sect of Graule et al. has demonstrated that 
mechanical intelligence can successfully be 
combined with complex flight control to en-
able robust perching behaviors. The work 
is also a prime example that demonstrates 

how engineering can learn from nature to 
build the next generation of aerial robots. 
A future direction for the field could be to 
selectively use environmental vectors such 
as wind to travel larger distances or, similar 
to allochory seeds, avoid aerial locomotion 
capabilities altogether and travel by perch-
ing on animals and larger mobile robots at 
no energetic cost.  j
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From complex control to mechanical intelligence



Solutions in Nature

Bio-inspired principles  

•Building large support structures 
•Perching to observe environment 
•“Smart” material properties and selective interlinking 
•Use net to sense environment (extended phenotype)

Footage credit: Oreon Strusinski www.oreonphotography.com 

String-based perching 

Adaptive anchoring 

Dynamic movement 

Mechanical intelligence
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Remote sensor placement

Braithwaite, A., Alhinai, T., Haas-Heger, M., McFarlane, E., Kovac, M., Spider Inspired Construction and Perching with a Swarm of Nano Aerial 
Vehicles, International Symposium on Robotics Research (ISRR 2015) 



String based 
perching

Adaptive  
anchoring

Embodied  
intelligence

Image credit: Bryan Wright, CC 2.0

Dynamic 
movement
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Remote sensor placement

Anchor 1

Anchor 3

Anchor 2

y-lenght
x-lenght

z-lenght

Finalist

Zhang, Chermprayong, Alhinai, Siddall, and Kovac (2017) SpiderMAV: Perching and Stabilizing Micro Aerial Vehicles with Bio-inspired Tensile 
Anchoring Systems, IEEE IROS 2017



Stabilisation in dynamic environments

Zhang, Chermprayong, Alhinai, Siddall, and Kovac (2017) SpiderMAV: Perching and Stabilizing Micro Aerial Vehicles with Bio-inspired Tensile 
Anchoring Systems, IEEE IROS 2017



Battersea Powerstation

The repair crew that can go where no human can, BBC Oct 2016

Culham Nuclear Fusion reactor

Industrial Demonstrators



AquaMAV

Siddall, Kovac (2014) Launching the AquaMAV: Bioinspired design for aerial-aquatic robotic platforms, 
Bioinspiration & Biomimetics, 2014



• Inspired to aerial-aquatic animals such as 
flying fish, diving birds and gliding squids

• Aerial-aquatic mobility: multi-modal locomotion 
and sensing in unstructured environments  
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• Distributed water quality monitoring, search 
and rescue, disaster scene assessment, 
underwater exploration 

AquaMAV



AquaMAV-RoboBee

Chen, K., Zufferey, R., Kovac, M., Wood, R. et al. A biologically inspired, flapping-wing, hybrid aerial-aquatic microrobot,  
Science Robotics  Vol. 2, Issue 11, 2017



Aerial Additive Building Manufacturing
3D Printed Construction with a Swarm of Aerial Robots



UAE Drones for Good Award Winner
(1017 submissions in two categories)

Aerial Additive Structural Repair



Facilities at Imperial College
Extreme weather flight arenaAerial Robotics Lab Wave generator tank

Wave-generator 
-12m by 20m adjustable bed  
- Two separate dive tanks 

Rapid prototyping facilites  
(£4m in 2014) 
Multi-material 3D printing 
Laser sintering 
DPSS laser micro-machining 
Etc. Air/ground/water test areas 

-12m long, 10m wide 5.7m high 
- integrated workshops, meeting 
rooms and student spaces

£1.25m 
in 2016

Aerial Robotics Test Section 
-12m long, 5.7m x 3.5m cross section 
- Top speed 13m/s 
- 17 Wind/water tunnels 

£4.5m 
in 2015

Imperial Robotics Forum
>35 PIs + >150 researchers 
www.imperial.ac.uk/robotics
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