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LMI-based H..-control design for T-S fuzzy systems
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Abstract: Using the LMI ( linear matrix inequality } methods, the problem of H., control design for T-S fuzzy systems was
studied. Firstly two new sufficient conditions in terms of matrix inequalities, which guaranteed the existence of the state feed-
back H.. control for the T-S fuzzy systems. were proposed. The conditions were simple and also had the interactions among the
fuzzy subsystems as matrix inequalities composed by the coefficient matrices of the subsystems. Secondly the new conditions

were converted to the LMIs which could be solved by MATLAB. Finally applying the LMIs and Matlab, the controller design-

ing method for the H, controller of the T-S fuzzy systems was given.
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2 T-SHEMAGZRHERBEEH (T-S fuzzy

system and stability conditions)

SET /v T Takagi #1 M Sugeno-**) % E Kim 0
H Lee! 'V 45 MY T-S B R e &M Z BT
Ay IF-THEN" SR AL .

IF & is My, and**-and &, is M,; THEN

(1) = Ax (1) + Byw(t) + Bou(t),

z2(t) = Cx(t) + Du(t), i = 1,2, ,r.
x € RREBmE, € O REHnE, we Z R
WehimE,u € =" BREAME, A € 27", By; €
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8T RATHER, S o M, —ARTTIR € -
(xpoe, )T My BRI FEEHE X T-S B R4
Wwr:

(1) = N ade() (A x(1) +
BHW([)'FB:(H(I))‘ (1)
(1) = N AECx(1) + D)),
ok )
A(E)) = —ALEw)
SIge(n)
Be()) = MM, (E(e)).

M, () BRI M, (R R B R
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VEk=1.2,".r,Vt.
EX 1 MTFREFE). Y w(t) =0,u(t) =0
B ZEHTE e > 0K X > 0(X > 0%/ X BIEEw
FREE) 118, v > 0.V (x(1)) <- ax"(1)x(e), H
BV (x(e)) = 2" () Xx (), MPRFRG (1) ZIRER
i€ 1Y (quadratically stable) .
SIE1 FHFE X > 0

ALX + XA, AT X + XA,

: : < - al,
AT X + XA, AT X + XA,
a >0,

Ho Ay = A+ BoF 24, = A + ByF; + A + BojF,
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u(t) =
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#(t) =
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P, =

y

(A, + A, + BF, + BF)"X +

N|»—-

X (A + A + BF + BF) <0 (4)

1
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FHEERBUA T
(A, + Bo,F))"X + X"(A, + ByF;) <0,
P, i) = 1,2, r
BIBR . 3 B E Kim and H Lee 7E3CER[ 10]F4ERA T
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3 TSEMESH He. £ 4 (H, control of

T-S fuzzy system)
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Pt FD) ARERS \(2)F$B’Jlﬂﬂﬁﬁ
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HA(7~9XM{ITEM: >0, H

() <= 22+ Vuw'w - (yw -

iy ABTX) (yu — ;\.?ABI,Xx)
(1) <-ax'x + Yulw - (yw -
17 \r? ABT X (yw - ;\:A BlXx).
W x(0) = 0. AT V(x(0)) = 0. LIEIRIAER Mo
%t AOF) T > 0 FIrA
0<- lz() I3+ 7 Hawle)l3-

Pl wle) - 71 \’#(s(f))B Xe() 113 =
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lz(e) 113 < 72 Il w(e) 1] 3,
O<-allx() I3+ 7 lw(e)ll3-

Y w(t) - o CECGNBXx () 13 =

i
7 =
allx(e) 3 < ”H w(e) |3,
Hb o h—KTFOoMER.  iEE.

TR 1 NFFAEMER v > 0, WRFER

B M (i =1,2,,r) FIEFER Y > 0. E T

i Py Py, By, YCT'*'M’IEDIT—
P, P, B, YCT+MD" |«
B - B, -7 0
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0, k = 1,2, ,r (10)

Hr

P, = AY + YAT + MIB}, + BoM,,
2P; = AY + YAT + M[B3, + BoM; + AY +
YA] + MIB3; + BoM;,
i j=1,2, B F =MY " i=1,2,.r. 1
RERBQ)FEEB AL () E AT RS
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i f Schur #h AR, X F k= 1,2, r,
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L s | <o. (11)
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L (1) £FH 5 F diag (Y HT-(y DD,
diag (Y'Y DNE. 4 X=Y "' F =MY"'ij=
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REN TR, 51 2 FRE R () EHR R

M Ho 1EEUN T 7. HEEE.

WA 2, HSEE 1 AHIE/ & LEE
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#it 1 MTHEMER ¥ > 0, WRFFEERE

M(i = 1.2, ,r) WILEERE Y > 0, HE T

54 ] PN

I Py P, By YTCI+MTD{<—
P, P, B,, Y'CL+M'D] |«
By - B, -7 0

LCY+DM, - CY+DM, O I _

0, k = 1,2,.r, (12)

ij= 1,2, BEF, = MY™'i =1,2,,r,
BUPAR 785 B 15 (2) R AR 42 (1) BT P AR T HI 5 R RS
H, JEEUINT 7.
4 B+ (Example)
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N (Ax () + Biaw(e) + Bou (1)),

i= l

x(t)—

= LA (x(e(Cx(t) + Du(t)).
=1

H: 2, = (2-0.51x1)2,2,= 14,81 x!
<4:A; = A, =051 x1>4.

N

NE

11 1
Al=[ ]’Bll=[]’BZI
0 -1 1

-1 0 2 2
PR I I S
2 1 1 3

¢, =[(1 1], D,=0.5, C,=[2 1], D,=0.3.
4y = 1, N Matlab f £ HE 1 B9 P 2R
MEARSE MRS

v - [ 1.1180 - 1.4315
- 1.4315 4.8648
M, = [-2.2473 - 4.6343],
M, =[-1.7449 - 2.9570],
= [-5.1819 - 2.4774],
= [-3.7527 - 1.7121].

Ay = 1, i FH Matlab #HEIE 1 PRI

BAEN MR
. [ 1.9099
- 1.8427

- 1.8427
4.0328
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M, = [ -3.0169
F, = [-4.45%

Fy = [-4.5932
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Fig. 1 Simulation results
PEFRA, HER | S | REBRER v =
A Fix(e) + A, Fx () R HIFIRE H Hy U E0N
Ty BTREE, BEASEEEE 1R S
BB wt) AT, 2(0) HER, w' (1) AX
2,20 ARK. FER 1P, w(t) = 2¢ 'sin 61,
0<t <1500 = [0,0]. HE L(OF |21, <
|l .. FE 1(a)H, w(t) =
15,x(0) = [1.5,1.5].
5 &%i£(Conclusion)
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