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Drones applications

Nowadays, quadrotors are used in military,
commercial, industrial, and scientific applications :

Filming and aerial takes.

Toys and entertainment.
Cartography.

Tropical diseases management.

And many more...
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Drones applications

Nowadays, quadrotors are used in military,
commercial, industrial, and scientific applications :

Filming and aerial takes.

Toys and entertainment.
Cartography.

Tropical diseases management.

And many more...

Critical applications:
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Drones applications

Nowadays, quadrotors are used in military,
commercial, industrial, and scientific applications :

Filming and aerial takes.

Toys and entertainment.
Cartography.

Tropical diseases management.

And many more...

Critical applications:

® Emergency scenarios.
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Drones applications

Nowadays, quadrotors are used in military,
commercial, industrial, and scientific applications :

Filming and aerial takes.

Toys and entertainment.
Cartography.

Tropical diseases management.

And many more...

Critical applications:

® Emergency scenarios.
O Firefighters
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Drones applications

Nowadays, quadrotors are used in military,
commercial, industrial, and scientific applications :

Filming and aerial takes.

Toys and entertainment.
Cartography.

Tropical diseases management.

And many more...

Critical applications:

® Emergency scenarios.

O Firefighters
O Police forces
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Drones applications

Nowadays, quadrotors are used in military,
commercial, industrial, and scientific applications :

Filming and aerial takes.

Toys and entertainment.
Cartography.

Tropical diseases management.

And many more...

Critical applications:

® Emergency scenarios.
O Firefighters
O Police forces
O Natural disasters
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Drones applications

Nowadays, quadrotors are used in military,
commercial, industrial, and scientific applications :

Filming and aerial takes.

Toys and entertainment.
Cartography.

Tropical diseases management.

And many more...

Critical applications:

® Emergency scenarios.
O Firefighters
O Police forces
O Natural disasters

® Search and rescue missions.
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Emergency drones
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Emergency drones
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A different deployment strategy
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But what are de challenges?
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Quadrotor mechanical modeling

Blade element theory is used to compute the total
torques and forces

0
= 0
Fin=|4 >
Z kTw
( % kTa)%—kTw%+kTa)%)
Z= (kT w7y +kTa) kTu) kT 0)4)
= h S
Y kow? (1)
i=1
kr = CrpAp r?, kg = CopAprs.
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Classical modeling Q

Quadrotor mechanical modeling

Classical approaches use Euler angles ¢, 6, and ¢ to describe rotations

Euler-Lagrange Methodology: Newton-Euler Approach:

L(x) =Ttrans + Tror — U, mi = =sin OFw,,
s Llag my = cos 6sin ¢pFy,
=2P P+§Q JQ+mg-p, mz = cos 6 cos pFy, —mg,
JoL oL . W 7, €11 C12 €13 W
S _ = Gl =J0"|ry|—| cor ca2 o3 | |6
diox  ox | T ; g ;
é Ty €31 €32 C33 | |9
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Euler angles modeling methodologies

Advantages:

e Intuitive.
® They work (under certain assumptions).
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Euler angles modeling methodologies

Advantages:

e Intuitive.
® They work (under certain assumptions).

Disadvantages:
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Euler angles modeling methodologies

Advantages:

e Intuitive.
® They work (under certain assumptions).

Disadvantages:

® Underactuated.
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Euler angles modeling methodologies

Advantages:

e Intuitive.
® They work (under certain assumptions).

Disadvantages:

® Underactuated.

® Nonlinear.
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Euler angles modeling methodologies

Advantages:

e Intuitive.
® They work (under certain assumptions).

Disadvantages:

® Underactuated.

o Nonlinear.
O Usually dealt by supposing small
angles.
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Euler angles modeling methodologies

Advantages:

e Intuitive.
® They work (under certain assumptions).

Disadvantages:

® Underactuated.

o Nonlinear.
O Usually dealt by supposing small
angles.

O Can become unstable with
aggressive maneuvers.
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Euler angles modeling methodologies

Advantages:

e Intuitive.
® They work (under certain assumptions).

Disadvantages:

® Underactuated.

o Nonlinear.
O Usually dealt by supposing small
angles.

O Can become unstable with
aggressive maneuvers.

O Also dealt by exact linearization:
singularities are induced.
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Classical modeling

Euler angles modeling methodologies

Advantages:

e Intuitive.
® They work (under certain assumptions).

Disadvantages:

® Underactuated.

o Nonlinear.
O Usually dealt by supposing small
angles.

O Can become unstable with
aggressive maneuvers.

O Also dealt by exact linearization:
singularities are induced.

® Inherent Gimbal lock effect.

Figure source: GuerrillaCG, https://youtu.be/zc8b2Jo7mno
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Quaternion modeling

Quadrotor quaternion modeling

q= e2? = cos(/2)+ii sin(9/2) .

- Euler 1776
- Rodrigues 1815
- Hamilton 1843
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Quadrotor quaternion modeling

The quadrotor quaternion dynamic
model can be described as

P
i 0
5 L 0|®q +3
a| P |_| m1® 778
dt q - Fth N
15 > . é %q®Q
g = e37 = cos(9/2)+iisin(9/2) . 7 (7 - 6% 1)

- Euler 1776
- Rodrigues 1815
- Hamilton 1843
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Spherical sliding modes

Spherical chattering-free sliding mode controller

A sliding manifold for the translational
subsystem can be defined as

st =K1 (P - pa) + Ko(p - Pa),
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Spherical sliding modes

Spherical chattering-free sliding mode controller

A sliding manifold for the translational
subsystem can be defined as

st =K1 (P - pa) + Ko(p - Pa),

Proposing: V; = %ﬁ -p,and Vy = 166
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) Spherical sliding modes

Spherical chattering-free sliding mode controller

A sliding manifold for the translational
subsystem can be defined as

|t = K1 (p —Pa) + Ko - Pa).

Proposing: V; = %ﬁ -p,and Vy = 166
As for the rotational subsystem:

‘ Sy = K4h’l (qz ®q; ®q) +K5§2,
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) Spherical sliding modes

Spherical chattering-free sliding mode controller

A sliding manifold for the translational
subsystem can be defined as

|t = K1 (p —Pa) + Ko - Pa).

Proposing: V; = %ﬁ -p,and Vy = 166
As for the rotational subsystem:

‘ sr=Kiln(q: ®q; ®q) + K5Q,

Proposing: V3 = Q- Q,and Vs = L¢, - 6.
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Spherical chattering-free sliding mode controller

;5 e
l‘_".A .

Using a vector direction instead of the sign of

A sliding manifold for the translational each one of its components:

subsystem can be defined as

|t = K1 (p —Pa) + Ko - Pa).

Proposing: V; = %ﬁ -p,and Vy = 166
As for the rotational subsystem:

‘ s =Kiln (g% ®q; ®q) + K5Q,

, 3 3 - k2 .
Proposing: V3 = Q- Q, and V4 = 16 - 6». r (k) = = tan!||k]].
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Spherical chattering-free sliding mode controller

;5 e
l‘_".A .

Using a vector direction instead of the sign of

A sliding manifold for the translational each one of its components:

subsystem can be defined as

|t = K1 (p —Pa) + Ko - Pa).

Proposing: V; = %ﬁ -p,and Vy = 166
As for the rotational subsystem:

‘ s =Kiln (g% ®q; ®q) + K5Q,

, 3 3 - k2 .
Proposing: V3 = Q- Q, and V4 = 16 - 6». r (k) = = tan!||k]].
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) Spherical sliding modes

Spherical chattering-free sliding mode controller

A sliding manifold for the translational
subsystem can be defined as

|t = K1 (p —Pa) + Ko - Pa).

Proposing: V; = %ﬁ -p,and Vy = 166
As for the rotational subsystem:

‘ sr=Kiln (gt ©q; ®q) + K50,

Proposing: V3 = Q- Q,and Vs = L¢, - 6.

Translational controller:

Fu _ St

l\—J|

e b st =Ks(p—Pa)-mg.
t

Journée du GT UAV 2019 — Université Aix-Marseille — 21 Juin 2019
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Spherical chattering-free sliding mode controller

Spherical Sliding Mode Control

Using a vector direction instead of the sign of

A sliding manifold for the translational each one of its components:

subsystem can be defined as

|t = K1 (p —Pa) + Ko - Pa).

Proposing: V; = %ﬁ -p,and Vy = 166
As for the rotational subsystem:

‘ s =Kiln(q: ®q; ®q) + K5Q,

. _— R kK 2 .
Proposing: V3 = Q- Q, and V4 = 16 - 6». F(k) = = tan!||k]].
7

>

(1K1l

Translational controller: Rotational controller:

= S 2 _ & & = = S 2 — =R LR =
Fy=-—— Ztan™' ||/ ||-K3(p—pa)-mg. Tu=-— =tan"!|lg,||-KeQ+QxJ Q.
llse]| = [l || 7
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Quaternion-based recovery rotation
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The minimal recovery rotation is computed:

,1+nZ nZ i3 x i, !1—%?%2
172 x iz || 2
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Launching detection and identification
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Launching detection and identification
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Autonomous quadrotor recovery

Launching detection and identification

> % .
S

Launching detection and identification

"N heudiasyc

wof
= Acceleration
=30 increases
B duetothe 3
=} ’.
’% 20 [ user's push
=10
= S The vehicle drops
< oh in free-fall \‘

Motors are
manually
swiched on

The acceleration
oscillates while

« trying to stabilize
the altitude

8 8.5 9
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Launching detection and identification

— a0 T T T T
Y
= Acceleration M
=80 increases otors a”re The acceleration
g duetothe 3 S\:ﬂ";:‘::oﬁ oscillates while
;% 20 user's push « trying to stabilize
& the altitude
=10
= é The vehicle drops
<ol et T e
8 85 9 95 10 10.5 BNl 115 12
Time [s]

Autonomous launching detection:

= 3 (tanh (Ba(lld@l| - @a)) + 1)

Recherche 14
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Launching detection and identification

5 k! j j j j
. b Y v
4 = Acceleration Mot
Vi =30 increases otors a”re The acceleration
k ” g duetothe 3 Sv;‘"é":‘é':oﬁ oscillates while
;% 20 user's push « trying to stabilize
B the altitude
< 10
= § The vehicle drops
< ok n free-fall M ‘ ‘ ‘ -
8 85 9 95 10 10.5 BNl 115 12

Time [s]

Autonomous launching detection: Autonomous motor activation:

Ya = 3 (tanh (B4 (]1d|| - @a)) + 1).

Yu(t) =tanh ({H /t (tanh (B (I1d|| - au)) +1) dt) s

]

wi 2y (OVfi[ki -

Recherche 14
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Launching detection and identification

Switching control references

Attitude references are combined:

fu = - Ka1©-T (yaKp21In (g}, © ) + Kaol)+ D x JE,

sr =K4In (% ® q}; ®q) +K5Q,
9a =9r ®q)(r ®qj ®q)(j9
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Switching control references

Attitude references are combined

—K 0 F(yaKp2ln (5, ®4q) +Kd2s2)+ngg

~
<
1l
1
|
*
1]
i
1

sr =K4In (% ® q}; ®q) +K5Q,
9a =9r ®q)(r ®qj ®q)(j9

q; = sign(m — 21In(q;,5, ®4) G5,
4 = e YR ln(qr)’
qe; = e*(1*7R)ln(qj).
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Switching control references

Attitude references are combined:
fu = - Ka1©-T (yaKp21In (g}, © ) + Kaol)+ D x JE,

sr =K4In (% ® q}; ®q) +K5Q,
9a =9r ®q)(r ®qj ®q)(j9

¥o =3 (tanh (B (1210(q, 0 )l - a9) +1),

q; = sign(m - 2In(q7,5r ®9)qusrs
1 -
G = e VRINGD), ya =3 (tanh (Ba(lI8I] - an) + 1),
_ —(1-yr)In(q; g
95 = ¢ ( J)' YR(?) = tanh (ﬁR/ 71‘}7th), Yr(t0) = 0.
to
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Switching control references
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Switching control references

Autonomous quadrotor recovery

qo response
o
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05 ¢ Sy
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Switching control references
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Switching control references
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Switching control references

) L
Q o5
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= - =-q <
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Quadrotor unconventional deployment: Experimental
validation
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Thank you for your attention.

Questions?
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