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Sistema

q =
[
x y z ψ

]T
q̈ = −f2q̇ + f1u

f2 = NRT

f1 = M

M =


γ1 cosψ −γ3 sinψ 0 0
γ1 sinψ γ3 cosψ 0 0

0 0 γ5 0
0 0 0 γ7



N =


γ2 cosψ −γ4 sinψ 0 0
γ2 sinψ γ4 cosψ 0 0

0 0 γ6 0
0 0 0 γ8



R =


cosψ − sinψ 0 0
sinψ cosψ 0 0

0 0 1 0
0 0 0 1
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Linearização por realimentação

Definindo a lei de controle

u = f −1
1 (ν + f2q̇)

com

ν = q̈d + Kpq̃ + Kd
˙̃q

O sistema é

q̈ = −f2q̇ + f1u

Substituindo o controle, temos

q̈ = −f2q̇ + f1f
−1
1 (ν + f2q̇)

finalmente

q̈ = ν

Rayza Araújo
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Malha fechada

Como

ν = q̈d + Kpq̃ + Kd
˙̃q

a dinâmica de malha fechada fica

q̈ = q̈d + Kpq̃ + Kd
˙̃q ⇐⇒

¨̃qd + Kpq̃ + Kd
˙̃q = 0

Onde

Kp =


Kpx

Kpy

Kpz

Kpψ



Kd =


Kd x

Kd y

Kd z

Kdψ


são projetados para estabilidade
(elementos diagonais positivos)
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Lyapunov

Função candidata

V =
1

2
q̃TKpq̃ +

1

2
˙̃qT ˙̃q ≥ 0

Tomando a primeira derivada

V̇ = q̃TKp
˙̃q + ˙̃qT ¨̃q

= q̃TKp
˙̃q + ˙̃qT (−Kpq̃ − Kd

˙̃q)

= − ˙̃qTKd
˙̃q ≤ 0
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