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Fixed -Wing Airplanes M

A First motorized flight: 1903 (Wright brothers)

A Generate lift through forward airspeed and the shape of the
wings

A Attitude controlled by flaps

Lift

Pressure exerted by fastenoving air

Alr T

xerted by slowenoving ai

http://www.loc.gov/pictures/item/0065208 CGBYSACXKazilekttp://askabiologis eduthovdo-birds fly
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Quadrotors

A First successful flight: 1924
A Vertical take-off and landing (VTOL)

A Problems: stability, control

http://en.wikipedia.org/wiki/File:De_Bothezat_Quadrotor.jpg
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Helicopters TUM

A First successful flight: 1936

A Swash plate adjusts pitch of propeller cyclically, controls
pitch and roll

A Torque is compensated by tail rotor

CGBY¥SA3.0BerndvdB
http://flickr.com/photos/hisgett/349272553/ http://en.wikipedia.org/wiki/File:HelicopterSwashPlate_Flat.gif http://en.wikipedia.org/wiki/File:Taumel_142_b.png

cc license d ( B¥flickr photo by TonyHisgett CGBYSA3.0 Richard WheeleZgphyrig
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Micro -Aerial Vehicles (MAVS)

A Attitude stabilization using MEMS sensors
A Remote-controlled quadrotors
AQdm >  hrr > mbd hm sgd

Jurgen Sturm Autonomous Navigation for Flying Robots



Remote Controlled Flight (2001 -)

Team BlackSheep, http://www.team -blacksheep.com, http://youtu.be/MIcSxEqKQ78
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First Person View (FPV)

o

Intuitive Aerial, http://intuitiveaerial.com/, http://youtu.be/loXSfpkUEmO

Jirgen Sturm Autonomous Navigation for Flying Robots



First Person View (FPV)

o

Intuitive Aerial, http://intuitiveaerial.com/, http://youtu.be/loXSfpkUEmO
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Autonomous Quadrotors

A How can we achieve autonomous flight?
A Initially with external positioning aids
A GPS
A2 Hz
A 3-5 m accuracy
A Motion capture (indoor)
A 200-500 Hz
A1 mm accuracy
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Learning of Flight Parameters M

[Schoellig et al., ETH, 2011]

Learning to follow a trajectory
Quadrocopters improve over time

IDSC ETH
Eidgendssische Technische Hochschule Zirich

Swiss Federal Institute of Technology Zurich
The Flying Machine Arena, ETH Zirich: http://www.youtube.com/watch?v=goVuP5TJIUU

@mf dk® O- Rbgndkkhf+ E ah ™ m K- Lt kkdsqditeratived ea@ingsf@ PrecisekQuad@eo@@nTqy 'di’ drb sBriNepxs hS ch'yb jsthmfm + @t snmnl ntr
Robots, Volume 33, Number 1-2, pp.103+127, 2012.
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Aggressive Flight Maneuvers M

[Mellinger et al., UPenn, 2010]

Precise Aggressive Maneuvers

for Autonomous Quadrotors

Daniel Mellinger, Nathan Michael, Vijay Kumar
GRASP Lab, University of Pennsylvania

GRASP Lab, University of Pennsylvania, http://youtu.be/YQIMGV5vtd4
N. Michael, D. Mellinger, Q. Lindsey, and V. Kumar. The GRASP multiple micro UAV testbed. IEEE Robotics and Automation Magazine, Vol. 17, No. 3. 2010.

Daniel Mellinger, Nathan Michael, and Vijay Kumar. Trajectory Generation and Control for Precise Aggressive Maneuvers with Qu adrotors. International Journal of
Robotics Research, Apr. 2012.
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Quadrotor Ball Juggling TUTI

[Mller et al., ETH, 2011]

The Flying Machine Arena
Quadrocopter Ball Juggling

IDSC ETH

Eidgenossische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

The Flying Machine Arena, ETH Zirich: http://www.youtube.com/watch?v=3CR5y8qZf0Y

Mark Muller, Sergei Lupashin, and Raffaello C- @meq ®Pt " cqgnbnosdqg A" kk 1tffkhmf~ "+ HDDD. QRI Hmsdgm sham k Bnmedgdmbd nm Hmsd
5120, 2011.
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Aerial Construction
[Lindsey et al., UPenn, 2011]

Construction with

Quadrotor Teams

Quentin Lindsey, Daniel Mellinger, Vijay Kumar
GRASP Lab, University of Pennsylvania

GRASP Lab, University of Pennsylvania, http://youtu.be/W18Z3UnnS_0
Quentin Lindsey, Daniel Mellinger* mc  Uhi “x Jt | "~ q+ g@d@mtonssigi bshn@tehsg! ntr Qnansr + 22+ '"2(+ 1/01-
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Miniaturization
[Kushleyev et al., UPenn, 2012]

Towards a Swarm of

Nano Quadrotors

Alex Kushleyev, Daniel Mellinger, and Vijay Kumar
GRASP Lab, University of Pennsylvania

GRASP Lab, University of Pennsylvania, http://youtu.be/YQIMGV5vtd4
Alex Kushleyev, Daniel Mellinger, and Vijay Kumar. Towards A Swarm of Agile Micro Quadrotors. Robotics: Science and Systems, July 2012.
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Interaction using a Kinect
[Ambiihl, ETH, 2011]

Interaction using a Kinect

@ the Flying Machine Arena

June 2011

ETH

Eidgendssische Technische Hochschule Zirich
Swiss Federal Institute of Technology Zurich

The Flying Machine Arena, ETH Zirich: http://www.youtube.com/watch?v=A52FqfOi0Ek
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Navigation with Onboard Sensors M

A Very cool results, but external motion capture systems are
unpractical

A 1s this also possible with onboard sensors?
A GPS
A Laser scanner
A Cameras
A Kinect
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Our Goal I

A Enable flying robots to operate autonomously in 3D
environments using onboard cameras as the main

sensor
A Cameras are light weight and provide rich data

A Subproblems: Navigation, localization, 3D reconstruction,
dwokng shnm+ odnokd enkknvhm

Crazyfi

http:// www.seeedstudio.com/déﬁc;t/

CrazyflieNanoQuadcopterKit6DORwith-CrazyradieBCCFKOB1364.html  MtPsi/wbww.mikrocontroller.com/
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Course Instructors M

Jirgen Sturm Daniel Cremers Christian Kerl Julian Tatsch Jonas Jelten
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Computer Vision Group

A 1 professor, 3 postdocs, 11 PhD students
A Our research topics:

A Quadrotors

A Depth cameras, RGB-D

A Visual SLAM, 3D reconstruction

A Image segmentation

A Shape matching

A Convex optimization
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Camera -based Navigation
[Engel, Sturm, Cremers ; IROS 2012]

J. Engel, J. Sturm, D. Cremers : Camera-Based Navigation of a Low-Cost Quadrocopter, In Proc. of the International Conference on Intelligent Robot Systems (IR OS),
2012.

Computer Vision Group, Technical University of Munich;, http://youtu.be/tZxIDly7Ino
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Camera -based Navigation M
[Engel, Sturm, Cremers ; IROS 2012]

00:00:00.320

|
¥l

Live View from Quadrotor

J. Engel, J. Sturm, D. Cremers : Camera-Based Navigation of a Low-Cost Quadrocopter, In Proc. of the International Conference on Intelligent Robot Systems (IR OS),
2012.

Computer Vision Group, Technical University of Munich; http://youtu.be/eznMokFQmpc
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3D Reconstruction with a  Quadrotor M

[Bylow, Sturm, Kahl, Cremers ; RSS 2013]

EBwaJStrmCK IFKhIDC emers : Real-Time CmrT acking and 3D Reconstruction Using Signed
Distance Fu nct , In Robotics: Sci and Systems Conference (RSS), 2013.
Co mpt r Visi G oup, Techni IU rsity of Munich; http//y utu.be/MzLdRFSrtul
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