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Euler’s Rotation Theorem (1776)

“When a sphere is moved around its
centre it is always posible to find a
diameter whose direction in the
displaced position is the same as in the
intial position”

Leonhard Paul Euler
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Here as he walked by
on the 16th of October 1843
Sir \William Rowan Hamilton
in a flash of genius disc Ovel'ed

the ﬁmdmnental formula fOJ., William Rowan Hamilton
quaternion multlphcatxom

i’=j’= R’= ijR = ~1 % -
& cutit onastone of'this bridge
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 Euler-Rodrigues Formula:
* Yo
2

* 1 = excos

6
COS —
2

6
* (= ey,Cosy

7 . .
* g3 =e,CoS E Olinde Rodrigues

N

* q=qot+qil+qyj+qsk

e Withe = [ex' €y» eZ]T - 116]]

Quaternion techniques vs Classical Approaches applied to UAVs: a robustness question



< utc

Recherche

Quaternions belong to the space H:
- q EH;g € R3qy €R, then

q1
* q=qot+tq=qo+ |42
. . q3 .
Some operations with quaternions:

e q,vr €M
* q®T1r=0(qero—q-7)+ (10q +qoT +q XT)

lqll = V/qa ® q* = \/CIS+CI%+q%+q§
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e (Quaternion derivative:
. 1
* 4=qQw
e (Quaternion Rotation:

e A 3D vector can be rotated from one reference frame to
another:

qll = 1; v,v' € R’
e v isconsidered to be in the inertial frame
« v'is inthe body’s reference.

- vV =LQv)=qa®vR®q
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e Quadrotor Classical model:
* Translational dynamics:

—sin@ 0

mp = Fy,|cosOsing |+ | 0

cos 6 cos ¢ mg
* Rotational dynamics:
e .
l{{ _ Tlp » Non-linear
1 = 0 : N
.. Ty » Linearization

¢ involves

. , » Singularities
p,p € R, Fin € R, g =-981m/s > Small-angles
considerations

5%% > Discontinuities
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e Quadrotor quaternion dynamic model:

14
(D] Fenb .
d|p|_ q®—m X q" + bg
dt| q 1 ’
W] 2I®0
| Mt —w X Jw)
b =10,0,1]T
. Exact linearization:
F, = ®Fthb® “+b _4 5=
u= 4o m94 Y “=ar “ac

T, =] (-0 X]w)
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« Computing a desired attitude trajectory:

(b -k + ”Fu”) + b X F,

=G R+ IED +bx By o Il
* Linearized equivalent model
v’ Linear
Pl [P] v Simple
dalp|_ |k v Cascade Integrator
at|o| |w v’ No Singularities
Lol LTy v No discontinuities

Quaternion techniques vs Classical Approaches applied to UAVs: a robustness question



<« utc %
Recherche

Current Results:

* Aggressive maneuvers

* Resistance to large disturbances
 Quadrotor Aerial Manipulator

* Energy- based control

* Passivity-based control

* Path planning using PSO technique

* Circular trajectory tracking, following an UGV
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VIDEOS
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Future Work

* UAV-UGV cooperative navigation
* Fleet formation

* Obstacle avoidance

* More aggressive maneuvers
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