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« Why?
e How?
e What?
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UAVSs are convenient for many tasks.
Examples:
_ **i,.:ya % Forest Fire Fighting 5[
f..u‘-‘f":))!lj -- i :.‘! .W Dem|n|ng - . =P
. ;.!:.J; -

Inspection of Offshore Wind Power Stations

Images from: www.airrobot.de
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Creating models for virtual reality applications

Model courtesy of Max-Planck-Institut fir biologische Kybernetik Tiibingen

real photograph realtime rendering
with RadioLab’

*Developed by Ralf Sonntag, Universitat Tubingen
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 Virtual Tubingen

Measuring the World from the Air - Simulation of Micro-UAV * schilling@uni-tuebingen.de 6



EBERHARD KARLS

. UNIVERSITAT
Applications of UAVs TUBINGEN

11.09.2013

 Measuring the world
e Acquisition of 3D-scenes for visualiziation

« To some extend: replace traditional surveying
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e  Online manual control
e Online and offline evaluation

Aot of research with the goal of autonomous flying

Measuring the World from the Air - Simulation of Micro-UAV * schilling@uni-tuebingen.de 8



EBERHARD KARLS

: UNIVERSITAT
Why simulate? TUBINGEN

Extend applications:

« Develop new hardware

 Develop new software
— Efficient low level control
— Automatic high level control
(e.g autonomous flying, autonomous exploration)
— Online and offline evaluation and
measurement (high precision
measurement and 3d mOdeI Daniel Mellinger, Michael Shomin, Quentin Lindsey,
vaUISItlon) Matt Turpin, Nathan Michael, and Vijay Kumar

GRASP Lab, University of Pennsylvania

Quadrotor Fails

"Film everything because it just might work.”

Video i

>
=




http://www.youtube.com/watch?v=TVrxvqYlCDs
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Simulation is cheaper than real experiments
(time and money)

Ground truth

Reproducible results

Can simulate more (24/7)

Can simulate extreme situations

Can simulate new, not-yet-existing hardware
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How simulate?

 Devise equations
 Integrate
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Sensor-Interface Physics-

Magnetometer; Engine

IMU; 'L-
e Am—

%}
=
AU, | A—— ModekInterface  _ 5
Controlling-Interface %’ Softw:are in the Loop = Arodel-Parameter of 5 N Hg,
Handcontroller- resp. — ‘E (SiL)-Interface the micro-UAV E .-E-
5 5= «
Joystick-Interface 6 L Algorithms for [ £ N G
A postionandaide | [ g
5 estimation and Communication- 2
External controlling N Interface E
Characteristics BB e
Wind

=
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Software in the Loop
(SiL)-Interface

Algorithmen zur
Positions- und Lage-
schdatzung sowie der

Flugregelung
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Fig. 4: Graphical comparison of the attitude estimation and control of
the real (top, generated from video recording) and the simulated flight
platform (below, rendered in the simulation). (from left to right: 1. initial
position, 2. command pulse — maximum roll angle, 3. maximum roll
angle reached, 4. independent return to initial position, 5. starting
position reached)
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Simulation of virtual prototype, before actual hardware was built

Video
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Flight of real prototype, using the control software of the virtual prototype

Video
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Devise new algorithms...

. . Reality Model
Analysis by Synthesis — Parameirs 1.1)
i
. . . Camera Computer
Analysis by Simulation = —
Filter | | Filter2 | g
:
<
= lm::lm—p::agez al g
5
Minimization of Image é
W&T;;?mzmn =
I
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DEF Box02-FACES IndexedFaceSet {

coord DEF Box02-COORD Coordinate { point [

-103.8 0 87.03, 103.8 0 87.03, -103.8 O -
87.03, 103.8 0 -87.03,

-103.8 53.56 0, 103.8 53.56 0]

} L]

coordindex [ Synth eSIS
0,23,-1,310,-1,0,1,5,-1,5 +0, -

1,1,3,5, -1,

3,2,4,-1,4,5,3,-1,2,0,4,-1] (unamblglJOUS)

}

DEF Box02-FACES IndexedFaceSet {

coord DEF Box02-COORD Coordinate { point [ An aIyS i S

-103.8 0 87.03, 103.8 0 87.05, 103.80 -
87.03, 103.8 0 -87.03,

-103.8 53.56 0, 103.8 53.56 0] (am b | g uou S)

}

coordindex [

0,23-13160-101,5,-1,5,4,0, -
1,1,3,5,-1,

3,2,4,-1,4,5,3,-1,2,0,4,-1]
}





Analysis by Synthesis
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Manual analysis:

Use modelling software for
analysis:

Devise simple model
Adjust camera settings
Adjust model

Render model

a k~ 0D e

synthetic image

6. Repeat steps 2 — 5 until
synthetic image matches

photograph

Compare photograph with

11.09.2013

DEF Box02-FACES IndexedFaceSet {
coord DEF Box02-COORD Coordinate { point [

-103.8 0 87.03, 103.8 0 87.03, -103.8 0 -
87.03, 103.8 0 -87.03,

-103.8 53.56 0, 103.8 53.56 0]
}
coordindex [

0,23,-1310,-101,5,-1,5,4,0, -
1,1,3,5,-1,

&) 72 Al S 20 Y, B Sl v (0] 4% il
}
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We want automatic
optimization of model

Need cost function
Optimization algorithm
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Filters to eliminate effects
that are not represented by
the model,

e.g. line extraction, if
brightness of surfaces is
unknown.
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A general approach to reconstruct textures of patches from
images which could have a very low viewing angle to the patch.

We present the most interesting case where the viewing angle
is close to 90°.

Prerequisite:

- extrinsic and intrinsic camera parameters
- camera images of the patch

- position, orientation and size of the patch

Challenge:
- reconstruct texture of the patch
from camera images

Florian Liefers, Roman Parys, Andreas Schilling, "Analysis-by-Synthesis Texture Reconstruction,” 2011 International Conference on 3D
Imaging, Modeling, Processing, Visualization and Transmission, pp. 571-578, 2012 Second International Conference on 3D Imaging,
Modeling, Processing, Visualization & Transmission, 2012, link to paper

Video




http://www.computer.org/csdl/proceedings/3dimpvt/2012/4873/00/4873a571-abs.html
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o After-simulate flight and thereby
model reality

— wind
— scene
— lighting
— trajectory and orientation of UAV
« Pack prior knowledge into model
and find out about unknown

parameters

» Continuously adjust simulation
to reality

« Can use any sensors, that can
be simulated:

— lidar, rolling shutter cams, ...
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Simulation framework allows

 Development of new hardware
 Development of new algorithms

— low-level (firmware) and
— high-level control and analysis software

 model flights
 model environment using analysis-by-simulation

* measure precisely
with low cost sensors
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Video of real flight and simulation of AR.Drone
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