16.485: VNAYV - Visual Navigation for
Autonomous Vehicles

Luca Carlone
L ecture 6

based on slides by Markus Ryll




Agile Navigation with Aerial Vehicles

Vijay Kumar et al.
@Penn, 2012

. Raffaello D’Andrea et al.
Quadrocopter Pole Acrobatics @ETH, 2015

eﬁ ETH zivin \ MIT
6 AEROASTRO



Agile Navigation with Aerial Vehicles

Skydio (>~ 2015)

© Skydio. All rights reserved. This content is excluded from our Creative
Commons license. For more information, see https://ocw.mit.edu/help/fag-fair-use/



Agile Navigation with Aerial Vehicles

Lockheed Martin AlphaPilot Al Drone Innovation Challenge (2019)




Design Concepts

» Single rotor -w » Tandem rotor

v Good Controllability and 0 v Good Controllability and

maneuverability maneuverability
Q - Complex mechanics Q - Complex mechanics
- Large rotor - Large size

 (Coaxial rotor * Quadrotor

9 v Compactness v Good maneuverability
v Simple mechanics v Simple mechanics
Q - Complex aerodynamics v Big payload
Q - High energy consumption

@(AERO & TR



Design Concepts

Vertical acceleration 2 (thrust)

Propeller
velocity

Forces 1



Design Concepts

Hovering condition

Propeller
velocity

Forces 1



Design Concepts

Roll/Pitch 6 ¢

Propeller
velocity

|

(
Forces 1

4



Design Concepts

Yaw ¢

==

Drag

|

Forces




Notation




Design Concepts

Vertical acceleration 2 (thrust)

Propeller
velocity

Forces



System view
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