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Problem statement

J FTC importance for automated systems
J Why quadrotor?
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Proposed solution

J Why LPV modeling?

polytope
vertices

LPV model:

2(t) = A(p(®) x(©) + B(p(®) u(®) + F(p(1)) (&) + E(p (1)) d(®)
y(@®) = C(p@®) x() + D(p (1)) u(t)

where

M(p(t)) = Z we(p(t)) My, w:no.of vertices
k=1

equilibrium
point
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Proposed solution

J Robust H_,control

Control law:

u (t)’

u(t) = —K(p(©) () +V(p(®)) n (©)

Lyapunov inequality :

G

(A, — By Ki)TP+P(Ay— By Ky) +2{.P<0
( Observer ]

Bounded real lemma:
21 |

BIZP ~Ycl D17<1

(Ay — By Kx)T P+ P(4, — B, K,,) PB, Ci
k k
Cy D, —I

DC gain
Vi = —(Cy (Ax — B Ki) ™ By) ™t
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Proposed solution

 Classical H_/ H_ observer

Observer scheme:
faults
X(t) = A, x(t)+ B, u(t) + L,(y(t) —3(b))
y(t) = Cpx(t) + Dpu(t) disturbance
r@® =y@® -9 @ A

The system:
Observer
H_/H

x(t) = Apyx(t) + By u(t) + F, f(t) + E, d(t)
y(t) = C, x(t) + Dy u(t) + ], f (t) +H,d(t) Q i

Resulting error dynamics:
& y disturbance faults

e(t) = (Ap—L, Cy)e(t) +(F,—L, J,)f(t) +(E,—L, H,)d(t)
r(t) = Coe(t) +J,f(t) + Hyd(t)
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Proposed solution

(J The new approach

The system: Differentiated output: y(t)
2(t) = Apx(t) + By u(t) + E, f(¢) + E, d(t) IR 4 BN
y(t) = C, x(6) + D, u(t) y(t) ‘_l - ]‘_ y(6)

System classification according to the relative degree

; .................................................... -
)'f < Ad A )'f > Ad
¥ (t) = G5 x(t) + B5 u(t) + R; f(t) ., ! ) ¥ (&) = G5 x(t) + B5 u(t) + R; f(t) + D5 d(¢)
f=4d

¥ (t) = G5 x(t) + B u(t) + R5 f(t) + D5 d(t)
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Proposed solution

(J The new approach

The proposed residual generator:

(%(6) = 4,0 O+ B, u(®) + Liz(y(®) —9(®)) + Lz (51 = F (1))
P() = C,2(t)
y(t) = C5 2(t) + B; u(t)
\ r(t) = Mz(3(6) — ¥ (©)

Reference residual signal:

) =0Q f(®)

Virtual residual signal.

re(t) = r(t) —7r.(t)
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Proposed solution

(J The new approach

Post bandpass filter 0 dB
xh(t) = Ah xh(t) +Bh Te(t) -3 dB
17(t) = Cp xp(t) + Dy 7 (0)
B
I
fO fH
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Solution synthesis

L Applying for system of case 2 (A,= A,)

Error dynamics become
é(t) = (Ay—L15C, — Ly5C5) e(t) + (Ep—LypD5) d(t) +(F,—LypR5) f(b)

1.(t) = Mz G5 e(t) + MzD5 d(t) +(M5R; — Q)f (1)

Theorem (1): Exact residual convergence

) =Qf() - Te(t) = 0

(5 Rp
0 Q@

The gainsMs = (0 Q 0)(GG R; Dp)™1, L1, Lop can be chosen freely

D_
Condition to satisfy: rank ( Op D = rank ([(5 Rz Dg])
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Solution synthesis

L Applying for system of case 2 (A,= A,)

Error dynamics become
é(t) = (Ay—L15C, — Ly5C5) e(t) + (Ep—LypD5) d(t) +(F,—LypR5) f(b)

1, (t) = MzCs e(t) + MzD5d(t) +(MzR; — Q)f ()

Theorem (2): Asymptotic residual convergence

tli_)rréor(t)=Qf, d=0
Ir@) — Qf@I, < v lld®Ill,, d=#0

) — rank (E,)

The gains M; = QR; Y L =FER5 L1, 5 Is chosen to minimize disturbance effect.

I
.. 3 e _ p
Condition to satisly. 'rcmk(R[—)) =ng, rank ([ R;
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Solution synthesis

L Applying for system of case 2 (A,= A,)

Error dynamics become
é(t) = (Ay—L15C, — Ly5C5) e(t) + (Ep—LypD5) d(t) +(F,—LypR5) f(b)

Te (t) = Mﬁcﬁ e(t) + MﬁDﬁ d(t) +(M5R/—) — Q)f(t)

Worstcase H_/ H ,, technique

The gains Mz, L,5, L15 are chosen to minimize disturbance effect and maximize fault effect such that:
| | Trdl |OO = 14

|| Trf||oo = p
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Results

J Reference tracking using H.,control

(a) system states
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Results

J Residual generator in fault free case

06 (b) estimation error 5 %103 (c) faults vs residuals
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Results

d New approach vs H_/ Htechnique
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Results

] Battery level estimation
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Results

J Post bandpass filter importance

(a) without filter (a) with filter
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Conclusions

J LPV modeling gives more realistic and dynamic system model.

1 Robustness of the controller is very essential feature.

d The H_/H_, observer is enhanced greatly using the auxiliary output.
(d Some structural properties of the system may simplify fault estimation.

J A post bandpass filter can improve the obtained residual signal.
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Perspectives

J Fault compensation in case of partial loss of actuators efficiency.

(d Controller reconfiguration in case of one or more actuators failure.

d Applying the developed algorithms in real time on a drone.
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Questions?
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