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Observer-based robust stabilization of uncertain T-S fuzzy systems

QI Li, YANG Jun-you

(School of Electrical Engineering, Shenyang University of Technology, Shenyang Liaoning 110178, China)

Abstract: This paper proposes new observer-based output robust stabilization conditions for Takagi-Sugeno(T-S) fuzzy

control systems with parametric uncertainties. They are applied to design problems of fuzzy controllers and fuzzy observers.

To design fuzzy controller and fuzzy observers, nonlinear systems are represented by T-S fuzzy models and the concept of

parallel distributed compensation is employed. The sufficient condition is based on the quadratic Lyapunov function and is

less conservative than some conditions published recently in the literature by describing the robust stabilization condition

through a set of matrix inequalities. The sufficient condition is formulated in the format of bilinear matrix inequalities; one

can obtain successively the controller gains and observer gains of T-S fuzzy control system with parametric uncertainties

using two-step procedure. Finally, it is successfully demonstrated that the proposed approach is a more relaxed condition

than others in the control of a continuous-time nonlinear uncertain system.
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1 (Introduction)
T-S

.

Lyapunov
[1∼8]. [1] ,

. ,

[2] .

[3] [2]

,

. [4]

.

, ,

.

, [1,9∼13]

. [9] [3]

.

, [9,10] .

: P > 0 P

. AT . R
n×m n × m

. ∗ . sym A

A + AT. I .

2 (Problem statement)
T-S :⎧⎪⎨

⎪⎩
ẋ =

q∑
i=1

μi(z)((Ai + ΔAi)x + (Bi + ΔBi)u),

y =
q∑

i=1

μi(z)Cix.
(1)

: μ1+· · ·+μq = 1, μi � 0, q ,

x(t) ∈ R
n , u(t) ∈ R

m ,

y(t) ∈ R
l , Ai ∈ R

n×n, Bi ∈ R
n×m, Ci ∈

R
l×n i ,

: 2009−02−08; : 2009−07−03.

: (50375102).
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z(t) , ΔA ΔB

:

[ΔAi ΔBi ] = DiFi(t)[EAi EBi ], FiF
T
i � I.

Di, EAi EBi ,

Fi(t) .

:⎧⎪⎨
⎪⎩

˙̂x =
q∑

i=1

μi(z)(Aix + Biu + Li(y − ŷ),

ŷ =
q∑

i=1

μi(z)Cix̂.
(2)

Li ∈ R
n×l .

(1) :

u(t) = −
q∑

i=1

μi(z)Kix̂. (3)

(1) , Ki ∈ R
m×n

.

3 (Main result)
(1)

.

1 Q > 0, P > 0, Mi, Ni,

Υijl, Γijl εijl, λijl :⎡
⎢⎣

Υ1i1 · · · Υ1iq

...
...

ΥT
1iq · · · Υqiq

⎤
⎥⎦ > 0,

⎡
⎢⎣Φiii ∗ ∗

Gii σiiiI ∗
DT

i 0 τ−1I

⎤
⎥⎦ < 0,

i = 1, 2, · · · , q. (4)⎡
⎢⎢⎢⎢⎢⎢⎢⎣

Ψiij ∗ ∗ ∗ ∗ ∗
Gii σiijI ∗ ∗ ∗ ∗
Gij 0 σijiI ∗ ∗ ∗
Gji 0 0 σjiiI ∗ ∗
DT

i 0 0 0 (τiij+τiji)−1I ∗
DT

j 0 0 0 0 τ−1
jiiI

⎤
⎥⎥⎥⎥⎥⎥⎥⎦
<0,

i, j = 1, 2, · · · , q, j �= i. (5)

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

Ξijl ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗
Gij σijlI ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗
Gil 0 σiljI ∗ ∗ ∗ ∗ ∗ ∗ ∗
Gji 0 0 σjliI ∗ ∗ ∗ ∗ ∗ ∗
Gjl 0 0 0 σjliI ∗ ∗ ∗ ∗ ∗
Gli 0 0 0 0 σlijI ∗ ∗ ∗ ∗
Glj 0 0 0 0 0 σljiI ∗ ∗ ∗
DT

i 0 0 0 0 0 0 (τijl + τilj)−1I ∗ ∗
DT

j 0 0 0 0 0 0 0 (τjil + τjli)−1I ∗
DT

l 0 0 0 0 0 0 0 0 (τlij + τlji)−1I

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

< 0,

i = 1, 2, · · · , q − 2, j = i + 1, · · · , q − 1, l = j + 1, · · · , q. (6)⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎣

Θiij ∗ ∗ ∗ ∗ ∗
EBiKi ηiijI ∗ ∗ ∗ ∗
EBiKj 0 ηijiI ∗ ∗ ∗
EBjKi 0 0 ηjiiI ∗ ∗
(PDi)T 0 0 0 (πiij + πiji)−1I ∗
(PDj)T 0 0 0 0 π−1

jii I

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎦

< 0, i, j = 1, 2, · · · , q, j �= i. (7)

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

Ωijl ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗
EBiKj ηijlI ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗
EBiKl 0 ηiljI ∗ ∗ ∗ ∗ ∗ ∗ ∗
EBjKi 0 0 ηjilI ∗ ∗ ∗ ∗ ∗ ∗
EBjKl 0 0 0 ηjliI ∗ ∗ ∗ ∗ ∗
EBlKi 0 0 0 0 ηlijI ∗ ∗ ∗ ∗
EBlKj 0 0 0 0 0 ηljiI ∗ ∗ ∗
(PDi)T 0 0 0 0 0 0 (πijl + πilj)−1I ∗ ∗
(PDj)T 0 0 0 0 0 0 ∗ (πjil + πjli)−1I ∗
(PDl)T 0 0 0 0 0 0 0 0 (πlij + πlji)−1I

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

< 0,
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i = 1, 2, · · · , q − 2, j = i + 1, · · · , q − 1, l = j + 1, · · · , q. (8)⎡
⎢⎣ Tiii ∗ ∗

EBiKi ηiiiI ∗
DT

i P 0 π−1
iii I

⎤
⎥⎦ < 0,

⎡
⎢⎢⎣

Γ1i1 · · · Γ1iq

...
...

ΓT
1iq · · · Γqiq

⎤
⎥⎥⎦ > 0, i = 1, 2, · · · , q. (9)

(1) (2) (3)

,

Ki = MiQ
−1, Li = P−1Ni.

:⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

Gij = EAiQ − EBiMj , σijl = −(ε−1
ijl + 1)−1,

τijl = −(εijl + 1),

Φiii = sym(AiQ − BiMi) + Υiii + I,

Ψiij = sym(2AiQ + AjQ − BiMi − BiMj − BjMi) + Υiij + Υiji + ΥT
iij + 3I,

Ξijl = sym(2(Ai + Aj + Al)Q − Bi(Mj + Ml) − Bj(Mi + Ml) − Bl(Mi + Mj))+

Υijl + Υilj + Υjil + ΥT
ijl + ΥT

ilj + ΥT
jil + 6I,

ηijl = −(λ−1
ijl + 1)−1, πijl = −(λijl + 1),

Tiii = sym(PAi − NiCi) + KT
i BT

i BiKi + Γiii,

Θiij = sym(2PAi + PAj − NjCi − NiCj − NiCi) + KT
i BT

i BiKi + KT
i BT

j BjKi+

KT
j BT

i BiKj + Γiij + Γiji + ΓT
iij ,

Ωijl = sym(2P (Ai + Aj + Al) − (Nj + Nl)Ci − (Ni + Nl)Cj − (Ni + Nj)Cl)+

KT
i BT

j BjKi + KT
j BT

i BiKj+KT
i BT

l BlKi + KT
l BT

i BiKl + KT
j BT

l BlKj+

KT
l BT

j BjKl + Γijl + Γilj + Γjil + ΓT
ijl + ΓT

ilj + ΓT
jil.

(10)

e = x − x̂.

V (x, e) = xTQ−1x + eTPe, .

1 BMI , LMI

. LMIs (4)∼(6),

Q, Υijl, Mi; Ki , (7)∼(9) LMIs,

P , Γijl Ni, LMI

Li.

2 ,

, .

.

[10] ,

; [9] 1

,

, . [12]

; [9] 2

,

, .

[4]

, .

4 (Simulation analysis)
:

Rule i(1 − 3): If x1 is Mi, Then{
ẋ = (Ai + ΔAi)x + (Bi + ΔBi)u,

y = Cix.

A1 =

[
1.59−7.29
0.01 0

]
, A2 =

[
0.02−4.64
0.35 0.21

]
.

A3 =

[
−a−4.33
0 0.05

]
, B1 =

[
1
0

]
, B2 =

[
8
0

]
,

B3 =

[
−b + 6
−1

]
, C1 = C2 = C3 = [1 0],

D1 = D2 = D3 =

[
0.001 0
0 0.001

]
,

EA1 = EA2 = EA3 =

[
0.001 0
0 0.001

]
,

EB1 = EB2 = EB3 =

[
0.0012
0.0012

]
.
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a b [10] 2

[9] 1 [9] 2 1

. [10] 2 ,

. 1∼ 3 [9]

1 [9] 2 1

. · LMI ,

× LMI .

1 .

1 [9] 1

Fig. 1 Stabilization region based on theorem 1 of [9]

2 [9] 2

Fig. 2 Stabilization region based on theorem 2 of [9]

3 1

Fig. 3 Stabilization region based on theorem 1 of this paper

5 (Conclusion)
T-S

,

,

.

,

.
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