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MAYV Dynamics

» To append the forces and moments we need to 1 -Q,
combine their formulation with L *G
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MAYV Dynamics

= MAV forces in the body frame:

Ja 0
fi=|fy| =] 0
f1 o 2ia T

-Mx_ I ng() [ ng() —ZS_?,O —{ ZSg{) ) §2
m; — My = —ZCGO 0 ZCGO ZCGO 0 _1060 T3
M, —ky by —km  km —Fm o R !
L . L = T5
16| m



MAYV Dynamics

= MAV forces in the body frame:
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MAYV Dynamics

= Exchangeable symbols:

™ M with T for Moments
» F with T for forces

= X,Y,Z when used for body-axis with bl,bz,bg




Control System Block Diagram
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Control System Block Diagram

u,=f' >
” . Motfor | , | Dynamic
Position | & | Aftitude » Controller > Model
Controller Controller| = + « 7
A A

= Simplified loop



Attitude Control

U, = —kpep — k€,
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= Where the vee map v : 80(3) s R? isthe inverse of the hat map.

€r




The Hat Map and its Inverse

= The hat map

. T3
A:R> = SO(3)
. 3 . .
Transforms a vector in R to a 3x3 skew-symmetric matrix that
Xy =X XY
forany X,y €& Rg . The inverse of the hat map is denoted by the vee map:

V:SO(3) = R?




Attitude Control

» |inearize the nonlinear model around hover:

Ro=R(¢o=0, 0y =0, ¢y)

» /Rotation error metric:
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Attitude Control

=» PD Conftrol Law:

Uo = _kReR — kwew

er = [Ao, AG, A"
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Position Conitrol

=» PD Conftrol Law:

e, + kqge, + kye, =0

®» |inearize the nonlinear model around hover:

u; = myg
= Nominal Input:
us = U341
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Position Conitrol

=» PD Conftrol Law:

U] = mbg (g +al+ Kye, + erp)
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Fast Nonlinear Model Predictive Control for Multicopter
Attitude Tracking on S0(3)

Mina Kamel, Kostas Alexis, Markus Achtelik and Roland Siegwart
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http://www.kostasalexis.com/pid-control.html
http://www.kostasalexis.com/lqr-control.html
http://www.kostasalexis.com/linear-model-predictive-control.html
http://ctms.engin.umich.edu/CTMS/index.php?example=InvertedPendulum&section=ControlStateSpace
http://www.kostasalexis.com/literature-and-links.html

Hybrid Predictive Control for Aerial Robotic Physical Interaction
towards Inspection Operations



http://www.kostasalexis.com/pid-control.html
http://www.kostasalexis.com/lqr-control.html
http://www.kostasalexis.com/linear-model-predictive-control.html
http://ctms.engin.umich.edu/CTMS/index.php?example=InvertedPendulum&section=ControlStateSpace
http://www.kostasalexis.com/literature-and-links.html

Very Simple Example

= Control the decoupled roll dynamics of a multirotor aerial robot
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Very Simple Example

= Similar fransfer function example:

%% Extremely Oversimplified Example of a Bad Design

dummy tf = tf£(1,[1 0 0]);

dummy ctrl = 1;

rlocus (dummy ctrl*dummy tf):

%% Extremely Oversimplified Example of a Design that Pretends to Work

nondummy ctrl =1 + 0.1*C£([1 O], [0.0001 17)=;

rlocus (nondummy ctrl*dummy tf);




Very Simple Example

= How fo fail terribly:

(second:

Imaginary Axis

Real Axis (seconds'1)




Very Simple Example

= How to think you did it OK before actually testing in practice:

Root Locus
System: untitle

— Gain: 2.5e+04
" Pole: -4.99e+03
g amping: 1
2 Overshoot (%): 0
@ quency (rad/s): 4.99e+03
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Atlantik * olar

Test Flight Days #9&#10
(May sth & 6th 2014)

Alrcraft: AtlantikSolar LAV Prototype
Lecation: Tuggen, Switzerla
Flights pcrformcd:é
Tests: Autopslot Waypoint-following



Slung Load Operations - disturbance of the Load
Test-case using the ASLquad

Corresponding results using the UPAT-TTR un-
manned rotorcraft are also presented later on
in the same video sequence
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FiInd out more

» Nhitp://www.kostasalexis.com/pid-control.hitml

»  http://www.kostasalexis.com/Igr-control.html

» Nhitp://www.kostasalexis.com/linear-model-predictive-control.himl

» hitp://cims.engin.umich.edu/CTMS/index.phpcexample=InvertedPendulum
section=ConftrolStateSpace

» Nhitp://www.kostasalexis.com/literature-and-links.ntml
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