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Drone Market Today: 130B$

Inspection Agriculture

Predicted value of drones by industry

Value of business services and labor in billions
v

fstructure | 5+
s | <
Transport - $13
Security -510
Media & Entertainment - $8.8
Insurance -56.8
Telecommunication -$6.3
Mining . $4.4
(o}

$10B $20B $30B $40B $50B

SOURCE: Pui
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https://www.pwec.pl/pl/pdf/clarityfrom-abovepwc. pdf
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Swiss Drone Industry Map
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How are current commercial drones controlled?
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U Remote control
A Requiredine of sight
A or FPV video communication link
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Flyability (2014) Inspection drone (remote controlled

ELIOS 2

Intuitive indoor inspe






AeroX(2019)¢ Contact Inspection Drone (remote controllec

Uses ultrasonic sensors for characterizing cracks on concrete bridges, a different type of ultrasonic transdus
thickness and corrosion measurements of metallic materials, and eddy current sensors for crack detection

Working at height remains one of the biggest
causes of fatalities and major injuries



AeroX(2019)¢ Contact Inspection Drone (remote controllec

Uses ultrasonic sensors for characterizing cracks on concrete bridges, a different type of ultrasonic transdus
thickness and corrosion measurements of metallic materials, and eddy current sensors for crack detection




Voliro(2019)¢ Contact Inspection Drone (remote controlled

Usestiltable propellers for omnidirectional navigation, scanning, drilling, and painting
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Voliro(2019)¢ Contact Inspection Drone (remote controlled

Usestiltable propellers for omnidirectional navigation, scanning, drilling, and painting

P )
Y o




Fotokite(2014)c Powerovertether drone for aerial filming

U Pilot-free tethered aerial camera systerwith limitless flight timeand databandwidth
U 1stand onlysystem approved by the FAA for Public Safety teaimsisewithout a pilot license
U Patentedlocalization enables automatic launch, flight, & landing from enclositteout GPS 4Operator
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U Pilot-free tethered aerial camera systerwith limitless flight timeand databandwidth
U 1stand onlysystem approved by the FAA for Public Safety teaimsisewithout a pilot license
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How are current commercial drones controlled?

U Remote control
A Requiredine of sight
A or FPV video communication link
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Why Should a Drone Localize?
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& Surveyin

| e aldsed largeiscald mapping and surveying. 3D mapping by PIX4D

SenseFNrParrot (2012) Autonomous Mapping
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SenseFHParrot (2012} Autonomous Mapping & Surveyi

Wor |l db6s | e abdhsedlargeiscald mapwing and surveying. 3D mapping by PIX4D
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Location: S. America
Surface area: 4.2 sq. kt




What if a Propeller Fails?

Mueller, D'Andrea Stabilityand control of ayuadrocopterdespite the complete loss of one, two, or thpeepellers
US Patent by Verity Studios AGARNING: needscalizationsystem




What is GPS suddenly stops working?

SWI swissinfo.ch

MEDICAL TRANSPORT DRONES

Drone carrying blood falls in lake
during test

JAN 25, 2019 - 20:31

Switzerland is pioneering the use of drone couriers, especially for exchange of medical
samples between hospitals and laboratories.

(Keystone)

A drone carrying a blood sample has fallen into Lake Zurich during the test phase of a
medical deliveries programme.

oOn January 25, 2019,%wissPodlirone (operated by Matternet) crashed into Lake
dzNA OK RdzS G2 | &aK2NU OANDdzA G¢ GKI G

https://spectrum.ieee.org/automaton/robotics/drones/pestssuspendsironedelivery-serviceaftersecondcrash



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

What If GPS Is obstructed or just not available?

U Does not work indoors
U Even outdoors it is not a reliable service
A Satellite coverage

A Multipath problem: GPS signafrivesat receiver via reflection on nedny
surfaces, causingrror in position estimate (up to 100 meters)
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How to do Inspection of Construction Sites in @B§aded Environments




Ultra-Wide-Band Localization

A Uses trilateration from at least three grousithsed antennas
A Issues: similarly to GPS, signal is obstructed by obstructing objects (multipath)
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A Ledergerber, M Hamer, R D'Andrea,
A robot self-localization system using one-way ultra-wideband communication, IROS 2015




Ultra-Wide-Band Localization (Verity Studios AG)
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A robot self-localization system using one-way ultra-wideband communication, IROS 2015




How can Drones localize
without GPS or UWB?



LIDARbased Localizatro



Lidarbased Localization
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GPS (global positioning system)

Rear Camera
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Ultrasonie’sensors

Qdometry sensors

Central.computer

Radar.sensors




Exyn(2015)- Lidarbased Localization for Drones (autonomous

Exyn A3Rs enable safe and efficient data collection.



Issues with Lidabased Localization

A Costly: 10,000 USD

A Veryheavy (1Kg) &ulky: requires large drones (sobthte lidarsare much lighter but still
havepoor resolution)

A Power hungry (120 W)
A Unreliable with lowsun angle

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



Visionbased Localizatro



Visionbased Localizatro

Phone PC







Visionbased Localizatro

Scaramuzza, Fraundorfer, Pollefeys, Lee, Meier, Siegwart, Chli, Achtelick, Weisgisstr@Controlled Micro FlyinBobotz L 9 9 9



Issues with Visiocbhased Localization

U Low texture

U High Dynamic Range (HBRg¢narios

U Motion blur in low light

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




Commercial Applications



SenseFllbris Drone (2015) Visionrassisted Drone

e

~ “_’: , e
a S b - v '
~‘,,...»~*M

—
SR
-ﬂhﬂ-%"_‘} — p— " 2

- A
——. ") -
B o TS
VLA TS s

-y

AUutomatea akeon
~_J_‘“.a,.l_,./J_J.»-J,,.g_.4 ANNC Ui,



https://youtu.be/mYKrR8pihAQ

SkydioR1

UmMo OF YSNI & FT2NJ 2040l O0ftS | 2ARFYyOSSE +Lh
U SDK and simulator to be released soon
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SkydioR1

UmMo OF YSNI & FT2NJ 2040l O0ftS | 2ARFYyOSSE +Lh
U SDK and simulator to be released soon



