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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

R E F E R E N C ES

 1. D. Floreano, R. J. Wood, Nature 521, 460 (2015).
 2. M. A. Graule et al., Science 352, 978 (2016).
 3. D. N. Lee, M. N. O. Davies, P. R. Green, D. Weel, J. Exp. Biol. 

180, 85 (1993). 
 4. A. C. Carruthers, A. L. R. Thomas, S. M. Walker, G. K. Taylor, 

Aeronaut. J. 114, 673 (2010). 
 5. T. H. Quinn, J. J. Baumel, Zoomorphology 109, 281 (1990).
 6. C. Evangelista et al., J. Exp. Biol. 213, 262 (2010).
 7. W. G. Hyzer, Science 137, 609 (1962). 
 8. J. A. C. Humphrey, Oecologia 73, 469 (1987).
 9. J. M. Schneider, J. M. Roos, Y. Lubin, J. R. Henschel, J. 

Arachnol. 29, 114 (2001).
 10. Y. Aoyama, K. Kawakami, S. Chiba, Biodivers. Cons. 21, 

2787 (2012). 
 11. A. Lussier Desbiens, A. T. Asbeck, M. R. Cutkosky, Int. J. 

Robotics Res. 30, 355 (2011).
 12. M. Kovac, J. Germann, C. Hürzeler, R. Y. Siegwart, D. 

Floreano, J. Micro-Nano Mechatronics 5, 77 (2009).
 13. A. Braithwaite, T. Alhinai, M. Haas-Heger, E. McFarlane, M. 

Kovac, Spider Inspired Construction and Perching with 
a Swarm of Nano Aerial Vehicles; www.imperial.ac.uk/
aerial-robotics/construction/. 

10.1126/science.aaf6605

Published by AAAS

 o
n 

M
ay

 2
0,

 2
01

6
ht

tp
://

sc
ie

nc
e.

sc
ie

nc
em

ag
.o

rg
/

D
ow

nl
oa

de
d 

fr
om

 

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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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) 

Infrastructure diagnostics



£3.4m, 2016-2020. PI: M. Kovac (Imperial), Co-Is: R. Stuart-Smith (UCL and AA), V. Pawar (UCL), S. Leutenegger (Imperial, Comp), R. Ball (U. Bath)
http://www.aerial-abm.com

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

• Bio-inspired building agents
• High-performance construction material
• Multi-vehicle SLAM 
• In flight stabilisation with delta arm

Aerial ABM



Aerial infrastructure repair

• In flight stabilisation with delta arm
• Depositing phase changing materials
• Pipeline repair

Buildrone



Aquatic Micro-Aerial Vehicles 
for water/air monitoring

http://www.imperial.ac.uk/aerial-robotics/research/aquamav/

• Plunge-diving
• Morphing body structures
• High-power propulsion
• Low-drag diving

AquaMAV



Aerial Robotics at Imperial College

Multidirectional wave basin: 20m length, 12m wide adjustable 
bed depths up to 1.2m (largest in UK) 
Towing tank/ Wide wave flume (Long flume): 62m length, 
2.8m wide, 1.25m depth  
Wind-wave-current flume (Coastal flume) 23m length, 0.6m 
wide, 0.5—0.7m depth  
Wind-wave-current flume (Double-ended tank) and Current 
flume (4ft flume): 27m length, 0.3 width, 0.7 depth 
Wave evolution flume (Wall mounted flume): 60m length, 0.3m 
width, sloping 1:100 from 0.5 to 0 
Wide flow tank for transverse and oscillatory flow research 
[currently under construction]: 26.9m long, 6.2m wide, and 
1.3m high, with a max water depth of 1.2m.  

Hydrodynamics Lab Composite Manufacturing

Laser Micromachining System 
Laser Sintering Metal 3D-printer 
High Precision Water Jet Cutting Machine 
Scanning Electron Microscope - Hitachi S-3700 
Objet 350 Connex Rapid Prototyping Machine 
SCS Labcoater Parylene Deposition System 
Thermoforming Equipment 
FDM Rapid Protyping Systems 
Faro 3D ScanArm 
CO2  Laser Cutter 
Instron test machines 
Variable Pressure SEM 
C-Scan System 
Hypaject MK III resin injection machine 
XPERT 80 Digital Cabinet X-ray System 
Automated Layup Cutter 
DSC (Differential scanning calorimeter)  
Dynamic Mechanical Thermal Analysis (DMTA) 
Heated vacuum table 
Composites repair kit: Leslie & Anita



Aerial Robotics at Imperial College

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

Wind-Tunnel Flight ArenaMulti-Terrain Flight Arena

Imperial Robotics Forum
>35 PIs + >150 researchers 

www.imperial.ac.uk/robotics

Air/ground/water test areas 
-12m long, 10m wide 5.7m high 
- integrated workshops, meeting 
rooms and student spaces

£2.5m 
in 2016

£4.5m 
in 2015

Expertise: 
• Bio-inspired Design 
• Mechatronics 
• Embedded Control 
• Fluidycs/structure

Aerial Robotics Lab


