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Unmanned Aerial Vehicles in 2010

Number of UAVs 10000
worldwide
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Predictions of a $10B industry
® Military: Surveillance, force protection, warfare
® Civilian commercial: Transport, environment

® Civilian private: DIY Drones

FAA predicts 15,000 civilian drones by 2020
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Unmanned Aerial Vehicles in 2015
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® Over 15,000 drones sold in the US every month

® $15B industry, projected to grow to $25B by 2020
® Expectations for leading industry applications

v Agriculture v Photography
v Infrastructure Inspection v Construction
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Unmanned Aerial Vehicles

Aerial Robots

Penn

Phantom 2 Vision Plus PROPELLERS

Maximum flight speed: 33.5 m.p.h.
Maximum ascent speed: 13.4 m.p.h.
Body width: 11.4 in.

Weight: 2.7 Ibs.

spin clockwise (black hub), and
two spin counterclockwise (gray).

GPS RECEIVER \

On the underside of the shell, it
determines the position and
height of the quadcopter.

VIDEO TRANSMITTER
Sends an HD video signal to the
remote control and app.

FLIGHT CONTROLLER
Acts as the brains of the
Phantom when it is in
the air. Contains a
gyroscope and an
accelerometer.

PROPELLER MOTOR

COMPASS (not shown)
Gathers geomagnetic
information that helps the GPS
calculate the drone’s position
and height.

ELECTRONIC SPEED CONTROLLER
One for each motor. Controls the
speed and direction of how the
propeller spins. Also controls the

LANDING
GEAR GIMBAL ~ CAMERA onboard LED lights.

To stabilize motion, two propellers

Remotely
Piloted Vehicles
(RPVs)

Drones

Remote Control

Includes a mount for a
smartphone and a range
extender that allows the
phone to communicate
with the drone up to 2,300
feet away.
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Drones mischaracterize what these things are. They're not
dumb. Nor are they unmanned, actually. They're remotely
piloted aircraft. - Gen. Norton Schwarz, August 10, 2012




UAVs = RPVs = Aerial Robots = Drones

Remotely
Piloted Vehicles
(RPVs)

Phantom 2 Vision Plus PROPELLERS
Maximum flight speed: 33.5 m.p.h. To stabilize motion, two propellers

Maximum ascent speed: 13.4 m.p.h.
Body width: 11.4 in.
Weight: 2.7 Ibs.

spin clockwise (black hub), and
two spin counterclockwise (gray).

GPS RECEIVER \

On the underside of the shell, it
determines the position and
height of the quadcopter.

s Drones
Sends an HD video signal to the

remote control and app.

Remote Control

Includes a mount for a
smartphone and a range
extender that allows the
phone to communicate
with the drone up to 2,300

Aerial Robots

feet away.
FLIGHT CONTROLLER
Acts as the brains of the SMARTPHONE RANGE
P EXTENDER
Phantom when it is in
the air. Contains a —
gyroscope and an .
accelerometer. 5
PROPELLER MOTOR = i

COMPASS (not shown) ELECTRONIC SPEED CONTROLLER ,°
Gathers geomagnetic One for each motor. Controls the »
information that helps the GPS speed and direction of how the

Penn calculate the drone’s position propeller spins. Also controls the (e

LANDING
GEAR GIMBAL ~ CAMERA onboard LED lights.

E . . and height.




The Skies will be Abuzz with Drones!
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Aerial Robotics
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We are here!




Aerial Robotics
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Size
Safety
Smart
Speed




Types of Micro Air Vehicles

® Fixed wing

® Insect flight
® Avian flight

® Flapping wing

Helicopter
Ducted fan

® Rotor crafts

Co-axial
Quad rotor

Hexa rotor
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Aerial Robotics Tutorial

This tutorial provides an introduction to the theory and practice

of aerial robots, with a mix of fundamentals and application. It will
expose participants to the state of the art in robot design ,
mechanics, design, mechanics, control, estimation, perception and
planning.

® Introduction (I5 mins)
® Multi rotor aircrafts: modeling and control (35 mins)

® Fixed wing aircrafts: modeling and control (20 mins)

® Visual odometry (35 mins)

. . . <€
® State estimation (20 mins)

Discussion

® Low cost platforms (20 mins)
® Aerial manipulation (20 mins)
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Coursera
'-I Aerial Robotics (Kumar)
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Reach

Visitors: 60,306 Active: 18,739
Payments: 1,995 Completers: 1,135

Likes and Dislikes

'S 2,064 83%
v 434 17%
Retention
81% 39% 59% 13%

have completed have completed
a lecture an assessment

have completed have completed
a module the course

of these of these

Demographics

Asia 33% North America 31% Europe 21%
South America 8.2% Africa 6.3% Oceania 1.3%
75.8% Bachelor’'s + 9.1% Female 91% Male

Visitors: 13,316 Active: 1,646
Payments: 659 Completers: 116

Likes and Dislikes

¢ 81 75%

0 27 25%
Retention

54% 36% 11%

have completed have completed
a lecture an assessment

have completed
a module

of these of these

Demographics

Asia 33% North America 31% Europe 25%
South America 5.3% Africa 4.7% Oceania 1.5%
81.7% Bachelor's + 6.0% Women 93% Men
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Experimental Platforms
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740 g (2 cameras, IMU)
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Battery

Motors + Props
Frame
Electronics
Cage

Sensors 15%

Mounting
b — 200 W/k
Cables 5% g

0% 5% 10% 15% 20%
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The Falcon




