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Controllo di un quadrotor MAMBO Parrot
in MATLAB-Simulink

▶ controllo del quadrotor

▶ controllo ottimo LQ del quadrotor

▶ controllo PID del quadrotor

▶ consegne HOMEWORK - part 1



controllo del quadrotor
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sistema sotto attuato : 4 gradi di libertà controllabili < 6 gradi di libertà totali
→ accoppiamento tra dinamica rotazionale e traslazionale

condizione di hovering: posizione e orientamento costanti, velocità lin. e ang. nulla
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movimenti base
sbilanciamento delle velocità di rotazione assegnate ai diversi attuatori,
a partire dalla condizione di hovering

Figure 3.4: Quadcopter’s throttle movement

the left one while decreasing the right one by the same amount, the
body will rotate positively along XB-axis. The negatively roll will be
achieved by decreasing the left rotor’s speed while increasing the right
rotor’s one by the same speed. At a first approximation, this movement
will cause only a roll angle acceleration, but the thrust force will have
an horizontal component that will make the quadcopter also move right
(if positive roll is applied). Figure 3.5 illustrates this movement.

Figure 3.5: Quadcopter’s roll movement

3. Pitch (U3[N.m])
This torque is directly related with an angular acceleration along YB-
axis. Similarly to the previous one, the pitch movement is achieved by
maintaining the left and right rotors’ speeds and increasing the front
one while decreasing the rear one by the same amount. This will impose
the body a positive rotation along YB-axis. The negatively pitch will be
achieved by decreasing the front rotor’s speed while increasing the rear
rotor’s one by the same speed. At a first approximation, this movement
will cause only a pitch angle acceleration, but, like the roll movement,
the thrust force will have an horizontal component that will make the
quadcopter also move back (if positive pitch is applied). Figure 3.6
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traslazione lungo zB

illustrates this movement.

Figure 3.6: Quadcopter’s pitch movement

4. Yaw (U4[N.m])
This torque is directly related with an angular acceleration along ZB-
axis. This one takes advantage of the fact that the front and rear
propellers rotate clockwise while the left and right propellers rotate
counterclockwise. Decreasing the front and rear rotors’s speeds and
increasing the left and the right ones by the same amount, creates an
unbalance within the torque in the ZB-axis, thus creating a rotation
along the same axis, originating a change in the quadcopter’s direction,
turning right (with positive yaw in the B-Frame and negative in the
W-Frame). Figure 3.7 illustrates this movement.

Figure 3.7: Quadcopter’s yaw movement

Since the variables that it is possible to directly control are the propellers’ ve-
locities (through the autopilot), a relation from inputs UB = (U1, U2, U3, U4)
to the propellers’ velocities ⌦ = (⌦1,⌦2,⌦3,⌦4) is needed, which is stated in
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rotazione attorno a yB (pitch)
traslazione lungo xB
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principali manovre

• take-off/decollo: movimento lungo zW fino al raggiungimento di una certa quota

• landing/atterraggio: movimento lungo −zW fino al contatto con il terreno

• path-following/inseguimento di un percorso:
generico movimento in FW lungo un percorso desiderato spesso con
un orientamento e dei profili di velocità assegnati
- trajectory tracking : ad ogni istante di tempo si vuole minimizzare l’errore tra lo

stato attuale e lo stato desiderato
- maneuver regulation; ad ogni istante di tempo si vuole minimizzare la ‘distanza’

tra lo stato attuale e l’intero percorso desiderato
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controllo ottimo LQ del quadrotor - trajectory tracking

sistema lineare a tempo continuo

ẋ = Fx + Gu
x(t0) = x0

x =
[
p δ v ω

]⊤
∈ R12 accessibile

u =
[
∥fc∥ τ c

]⊤
∈ R4

controllo a orizzonte infinito

u⋆∞ = arg mint∈[0,+∞) J∞(u)

J∞(u) =
∫ ∞

0

(
x⊤Qx + u⊤Ru

)
dt

Q ∈ R12×12 semi-definita positiva R ∈ R4×4 definita positiva
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Per i sistemi a tempo continuo con (F,G) stabilizzabile e (F,H) rivelabile con Q = H⊤H, la legge di
controllo ottimo su orizzonte infinito è data da

u⋆
∞ = −K⋆

∞x con K⋆
∞ = R−1G⊤M∞

dove M∞ = M⊤
∞ ∈ Rn×n è una soluzione sdp dell’Equazione Algebrica di Riccati:

(EAR) F⊤M + MF − MGR−1G⊤M + Q = 012×12

In corrispondenza all’ingresso di controllo u⋆
∞, il funzionale costo assume il valore (minimo)

J⋆
∞ = x⊤

0 M∞x0
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K⋆
∞ = lqr(F,G,Q,R)
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K⋆
∞ = lqr(F,G,Q,R)
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controllo PID del quadrotor - trajectory tracking
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controllo di posizione e angolo di yaw

dati pr e ψr

F = mg + KPez + KI
∫

ez + KD ėz
θd = KPex + KI

∫
ex + KD ėx

ϕd = KPey + KI
∫

ey + KD ėy

ez = zr − z
ex = xr − x
ey = yr − y

τ1 = KPeϕ + KI
∫

eϕ + KD ėϕ
τ2 = KPeθ + KI

∫
eθ + KD ėθ

τ3 = KPeψ + KI
∫

eψ + KD ėψ

eϕ = ϕd − ϕ

eθ = θd − θ
eψ = ψr − ψ
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consegne HOMEWORK - part 1

Parte 1: Controllore Ottimo LQ
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