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Drone Market Today: 130B$
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Swiss Drone Industry Map
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How are current commercial drones controlled?

üRemote control

ÁRequires line of sight 

Áor FPV video communication link

üGPS-based navigation



Flyability (2014) - Inspection drone (remote controlled)
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Flyability (2014) - Inspection drone (remote controlled)

7



Uses ultrasonic sensors for characterizing cracks on concrete bridges, a different type of ultrasonic transducer for 
thickness and corrosion measurements of metallic materials, and eddy current sensors for crack detection
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AeroX(2019) ςContact Inspection Drone (remote controlled)
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AeroX(2019) ςContact Inspection Drone (remote controlled)



Uses tiltable propellers for omnidirectional navigation, scanning, drilling, and painting
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Voliro(2019) ςContact Inspection Drone (remote controlled)



Uses tiltable propellers for omnidirectional navigation, scanning, drilling, and painting
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Voliro(2019) ςContact Inspection Drone (remote controlled)



ü Pilot-free tethered aerial camera system with limitless flight time and data bandwidth
ü 1st and only system approved by the FAA for Public Safety teams to use without a pilot license 
ü Patented localization enables automatic launch, flight, & landing from enclosure without GPS + Operator
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Fotokite(2014) ςPower-over-tether drone for aerial filming
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Why Should a Drone Localize?
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SenseFly-Parrot (2012) - Autonomous Mapping & Surveying

16

Worldôs leader in drone-based large-scale mapping and surveying. 3D mapping by PIX4D



SenseFly-Parrot (2012) - Autonomous Mapping & Surveying
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Worldôs leader in drone-based large-scale mapping and surveying. 3D mapping by PIX4D



What if a Propeller Fails?

18
Mueller, D'Andrea, Stability and control of a quadrocopterdespite the complete loss of one, two, or three propellersΣ tǊƻŎŜŜŘƛƴƎǎ ƻŦ L999 L/w!Ωмф

US Patent by Verity Studios AG. WARNING: needs localization system



What is GPS suddenly stops working?

https://spectrum.ieee.org/automaton/robotics/drones/swiss-post-suspends-drone-delivery-service-after-second-crash

άOn January 25, 2019, a SwissPostdrone (operated by Matternet) crashed into Lake 
½ǳǊƛŎƘ ŘǳŜ ǘƻ ŀ ǎƘƻǊǘ ŎƛǊŎǳƛǘ ǘƘŀǘ ƛƴǘŜǊǊǳǇǘŜŘ ǇƻǿŜǊ ǘƻ ǘƘŜ ŘǊƻƴŜΩǎ Dt{Φέ

https://spectrum.ieee.org/automaton/robotics/drones/swiss-post-suspends-drone-delivery-service-after-second-crash


ü Does not work indoors

ü Even outdoors it is not a reliable service

Á Satellite coverage

Á Multipath problem: GPS signal arrives at receiver via reflection on near-by 
surfaces, causing error in position estimate (up to 100 meters)

What if GPS is obstructed or just not available?

? ?

?
?



How to do Inspection of Construction Sites in GPS-degraded Environments?



Ultra-Wide-Band Localization
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A Ledergerber, M Hamer, R D'Andrea, 

A robot self-localization system using one-way ultra-wideband communication, IROS 2015

ÅUses trilateration from at least three ground-based antennas
Å Issues: similarly to GPS, signal is obstructed by obstructing objects (multipath)



Ultra-Wide-Band Localization (Verity Studios AG)
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A Ledergerber, M Hamer, R D'Andrea, 

A robot self-localization system using one-way ultra-wideband communication, IROS 2015



How can Drones localize 
without GPS or UWB?
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LIDAR-based Localization
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Lidar-based Localization

Google car



Exyn(2015) - Lidar-based Localization for Drones (autonomous)
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Issues with Lidar-based Localization
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ÅCostly: 10,000 USD

ÅVery heavy (1Kg) & bulky: requires large drones (solid state lidars are much lighter but still 
have poor resolution)

ÅPower hungry (10-20 W)

ÅUnreliable with low-sun angle

ÅUnreliable in ambiguous environments (e.g., long, straight pipes that look the same 
everywhere)



Vision-based Localization
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Vision-based Localization

30Camera

Phone PC
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Vision-based Localization

Scaramuzza, Fraundorfer, Pollefeys, Lee, Meier, Siegwart, Chli, Achtelick, Weiss, et al., Vision-Controlled Micro Flying RobotsΣ L999 w!aΩмп
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üLow texture

üHigh Dynamic Range (HDR)scenarios

üMotion blur in low light

üDoes not work in the darkness (alternatives: use light source, infrared or thermal cameras)

Issues with Vision-based Localization



Commercial Applications
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SenseFlyAlbris Drone (2015) ςVision-assisted Drone

https://youtu.be/mYKrR8pihAQ

https://youtu.be/mYKrR8pihAQ


SkydioR1

üмо ŎŀƳŜǊŀǎ ŦƻǊ ƻōǎǘŀŎƭŜ ŀǾƻƛŘŀƴŎŜΣ ±LhΣ ŀƴŘ άŦƻƭƭƻǿ ƳŜέ

üSDK and simulator to be released soon



SkydioR1

üмо ŎŀƳŜǊŀǎ ŦƻǊ ƻōǎǘŀŎƭŜ ŀǾƻƛŘŀƴŎŜΣ ±LhΣ ŀƴŘ άŦƻƭƭƻǿ ƳŜέ

üSDK and simulator to be released soon


