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Quadcopter Dynamics
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Sensors for Quadcopters
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Challenge
P O,

Sensor accuracy

High mobility

Trajectory tracking
[17] V. Kumar et al. 2012

[18] R. D’Andrea et al. 2012 .
Small distances

Path Following
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Objective

* Propose an autonomous localization method
deployable onboar the quadcopter vehicle:

— Onboard Sensor Setup

— Estimation Method



Localization System
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Motion Model
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Motion Model
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Observation Model

Model
/ Height Sensor Optical Flow \
" x(k) " x(K)
| y(k) v, (k)
m00=00010y0 0,0] 200 | m) | m,G)=| 02 09 002 | w0 |4n,
\ V(k) O1x3 010 01x3 Vv, (k)
f(k) / f(k)
\_ v -~
i o . / ]
/ R(k+11k+D) | | &(k+1|k) ~/| X(k +1] k) \Update
Gk +1|k +1) | =] ¥(k +1]k) [+ K| m=C| ¥(k +1]k)
f(k+11k+2) | | f(k+1|k) f(k+1]k)

P(k+1|k+1) = (I,,, — KC)P(k +1Kk)
\K —P(k+1|K)CT(CP(k+1|K)CT +R, )™




Observation
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Results — Stochastic Properties
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Results — Simulator

Position Control Path Following
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Results — Position Control
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Results — Position Control

0.5

0.45

0.4

0.35

0.3

‘ @
3 E
025 M - N | - S
| | | | S 025
: : : | =}
S I N I """ % 0.2
|
: 0.15
Il M | I
b 0.1
il

10 20 30 40 50
time (s)

Real robot speed

60 0

0.05 {1

boundary
speed

0 20 30 40 50 60

time (s)
Difference between real and
Estimated speeds

Computed from

Optical

flow noise



Xy norm deviation (m)

o
©

°
bt

o
o

o
w0
T

o
IS
T

o
w
T

o
N

o
&

0

x(m)

Results — Path Following
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Results — Disturbances
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Conclusions

* The onboard sensor setup and localization
method was successfully implemented.

* The used models are simple, but flexibile with
respect to model imperfections.

* Additional compensation parameters can be
be used to obtain better motion prediction
under environment and model uncertainty.



Future Work

* Extra capabilities on the onboard sensor
setup, to eliminate observability problems.

* Consider attitude dynamics and uncertanity to
improve the estimation method.
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