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Abstract H.. control designs for T-S (Takagi-Sugeno) fuzzy systems have been studied, a new
quadratic stability condition which is more simple and relaxed than Kim E.’s and a new observer
design method for T-S fuzzy systems have been proposed. Then two new sufficient conditions in
terms of linear matrix inequalities, which guarantee the existence of observer-based H.. controller
for the T-85 tuzzy systems, have been proposed. The design methods are simple and consider the
interactions among the fuzzy subsystems. Finally, we show by examples that observer-based Ho.
controller designs for T-S fuzzy systems are very practical and efficient.
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1 Introduction

T-S (Takagi-Sugeno) fuzzy systems are nonlinear systems described by a set of if-then
rules which give a local linear representation of an underlining system. The authors of {2
~4 | have proved that the T-S fuzzy system can approximate any continuous functions in a
compact set of R” at any preciseness, and that the method based on linear uncertain system
theory can convert the stability analysis of a fuzzy control system to the stability analysis
of linear time-varying “extreme” subsystems. This allows the designers to take advantage
of conventional linear system to analyze and design the fuzzy control systems. Because of
these excellent work, fuzzy logic control has been applied to many industry and technology
fields, especially the model-based fuzzy logic control has been one of main methods for sol-
ving nonlinear control problems.

H_. control has been an attractive research topic during the last decade®™"!. So far
some papers-®~ ! have discussed the H.. feedback control for fuzzy systems. [9]and[10]
deal with a state feedback control design that requires all system states to be measured. In
many cases, this requirement is too restrictive, The existence conditions of H. feedback
control in [ 9] did not include the interactions among the fuzzy subsystems, so that the
conditions are conservative. In [ 10 ], the state space has to be divided to some independent
subspaces according to the fuzzy rules, then one needs to set up fuzzy subsystem for each
subspace and deal with the H.. control problem of each subsystem. As the dimension of
the state space increases, the complexity of state space division increases exponentially. In
. 81, since the authors did not consider the interactions among the fuzzy subsystems when
they studied the H.. control based on observers, the conditions were conservative,

In this paper, first, we propose a new quadratically stable condition which i1s more
simple and relaxed than that in [1]. In each linear matrix inequality of the new condition
composed by the coefficient matrices of the subsystems, the interactions among the fuzzy
subsystems are adequately considered, hence the new condition 1s more relaxed. Based on
the new quadratic stability condition, we propose a new observer design for the T-S fuzzy
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system. Secondly, in each negative definite matrix composed by the coefficient matrices of
the subsystems, we study the interactions among the fuzzy subsystems and propose two
new conditions of the existence of H., control based on the observers, which are more sim-
ple and holistic and are different from [ 17~19 ], the new conditions are in the forms of lin-
ear matrix inequalities which can be directly solved by the MATLAB, so that we can de-
sign the H.. controller based on the observers using the LMI technique and propose a new
approach for the study of T-S fuzzy systems. Finally, examples show the efficiency and
practicality of the design methods.

2 The stability of T-S fuzzy systems
In this section, firstly we recall the T-S fuzzy systems and give a new relaxed

quadratic stability condition which is more simple and relaxed than that of [ 1]. Consider
the following “IF-THEN” fuzzy rules:

IF & 1s M,; and+--and &, i1s M,, THEN

(X(t) = Ax(t) + Bw(t) + Bu(s)

<2(t) = C;;x(t) + Dyu (1) [ = 1,257

y(t) = Coux () + Doy w(e)

where x(¢) € R" is the state variable, z(¢) € R? is the controlled output variable, w(z) € R’
1s the disturbance variable, u(t) € R™ is the input variable, y(¢) € R* is the output varia-
ble, A;,€R"", B,,€ R, B,, &€ R"", C;€R"", D,,; € R"™, C,, € R"", D,,; € R***, E=
(& ,*,&,)" are premise variables. It is assumed that the premise variables do not depend
on the control variables and disturbance., Then the fuzzy systems are defined as follows:.

%(t) = DA E@W) (Ax () + Buw() + Buu (1))

[11,12]

12(t) = DA (E@W)(Crx () + Dy () (1)

r

(&) = DA E@)(Cox () + Dyw(2))
=1

I=

where 4, (£(0)) =B85 o ey =IM, (£()), M, ( ) is the membership function
263,(§() =

of the fuzzy set M,;. In the following, we always assume iki(ﬁ(t)) =1, A, (E()) =0, V&
i=1

:1!29"'57'9 Vf.
Definition 1, For (1), when w(z)=0, u(¢)=0, if there exist a=>0 and a positive defi-

nite matrix X such that V(x(:))<{—axT(t)x(¢), ¥ ¢t>0, where V(x(2))=xT(¢) Xx (1),
then (1) is called quadratically stable.

Lemma 1. If there exist matrices F;, i=1, **-, r and a symmetry positive definite ma-
trix X such that

(Qij)rXr <“—' O.‘I (2)
Q: = (A£+B2£F£)TX+X(Ai+BZiF:’) (3)
Q:‘j=X(Ai+BE£Fj+Aj+B2jF:‘)! QJI:Q:E’I<J? i!jzlsza'"!r (4)

where >0, then the state feedback u(t) = _ZTJIAJ (£(z)) F;x (¢t) stabilizes the following
closed-loop system j

(1) = D D AE@IA @) ((A; + BuF ) x(£)) (5)

i=1 j=1

Proof. We construct Lyapunov function V() =x'(¢) Xx ().
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V(o) -—2 Zu x"(AIX +FIBLX + XA, + XB,,F)x = 2 }ju xTQ,x

1 =1 j = =1 ;=
Z;{szx <— B

Theorem 1. If there exist matrices M,, Z, Y, , where Z is a symmetry positive definite

matrix, Y, i1s a symmetry matrix, Y, =Y., i, j=1, =+, r, 15 satisfy the following line-
ar matrix inequalities

ZAT + AZ + M'BL. + B,M, < Y, (6)
AZ+AZ+ZAT + ZAT + B,M, + B, M, + M'BT +MTB <Y, +Y! (7)
(Yi)oo <0y i< jyiyj=1,2, (8)

then for (1), when w($)=0, u(z) = i}{j(E(Z))ij(z‘) stabilizes (5), where F,.=M.Z"',
=1

171,20, 7.

Proof, Let X=/7"", F.=M,Z"". Premultiply and postmultiply (6,7) by X, and pre-
multiply and postmultiply (8) by diag (X,-*, X), and we have A/ X +F/B, X + XA, +
XB, F,<XY,X. X(A,+ B, F, +A ‘|—Bsz )+(AT+F1B +A +F/'B; ) X< XY, X +
XY: X, (XY, X),., <0, :<j, i, j=1,2,+,r. By Lemma 1, we can prove closed loop
system (5) 1s quadratically stable. ]

Remark 1. Theorem 1 relaxes the conditions of Theorems 7 and 11 in {1]. In example
2 of | 1] parameters ¢ and & for Theorems 7 and 11 to ensure existence of the controller
stabilizing the system in question are 2sta<.6, 2<.6<79.75. But Theorem 1 in this paper

to ensure existence of the fuzzy controller stabilizing the same system, parameters a and 6
are 0. 25<a<.100, 0. 25<p<T100.

3 The H., Controller Based on the Observer

In the following, based on Section 2. we study the H.. controller based on observer
for T-S fuzzy systems.

Theorem 2. If there exist matrices L,, i=1, *+, r and a symmetry positive definite
matrix X such that

(Qi; ) pir <<—aly a >0 (9)

Q: = (A, +LC,)" X+ XA, +LC,) (10)

Q;, = XA, +L,C,, + A, +LCy), Qﬁ:Qg*é{:J.v*{? J= 124007 (11)

then n(t) = ZA (A + Byw -+ Bou — L, (y — EA (Com + Dyyyw) ) ) (12)

is the fuzzy observer of fuzzy system (1), 1. e, , n(t)-—*x(t) exponentially as r—oo.

Proof, By (1) and (12), we have é = EZAA (A, +L,Cy)es where e(r) =x(t) —n(1).

=13 =

Construct Lyapunov V{(z)=e¢e' (¢) Xe(¢). By the simmilar method to Lemma 1, we can prove

Vit)<<—ae" (t)e(t). Therefore, (12) is the fuzzy observer of the fuzzy system (1), 1 e. ,
n (£)->x(t) exponentially as t—=>co,
Theorem 3. If there exist matrices N,, X, X,;, where X; i1s the symmetry matrix, X,

J

=X, i,7=1,+,r, i, such that the following matrix inequalities

A X +CuN; + XA, + NC,, < X, (13>
XA, + NC,, + XA, + N.C,, + A/ X +C;N/ %—ATX—i-C < X, + X, 14
(Xy)r <<—aly a >0, 1,7 = 1,,r, z;ﬁj (15)

are satisfied, then (12) i1s the fuzzy observer ot the fuzzy system (1), t.e., p (2)—=>x(2)
exponentially as t—>co, where L;=X ' N,.
Proof. Refer to the proof of Lemma 1 and Theorem 1. ]
Definition 2'*, For (1) and given constant y>>0, a closed loop system is stable with
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the H,, performance bound y if 1) the closed loop system is asymptotically stable, and 2)
with the zero initial condition, the controlled output satisfies [zl], <7y [w|,, where

lx(e) |, == x"()x(¢)de)7, i.e. , the L, norm.

Lemma 2, For a given constant y >0, if there exist matrices K;, L;, X, Y, X,
where X, Y are the symmetry positive definite matrices, X; is symmetry matrix, X; = X ,
iy J=1,, ry, i*j, satisfy the following matrix inequalities

X .
19°¢ .+ =~ XB,.BT XB.,.K.
Asd + A o7 ABuB) ; < X, (16)
i KTB;:EX rry +Yr,
] , ) -
XA; + 5 XBiuB;;X XA, ; +=XB.,BLX XAU
T | XA”+72 1 < X, +XFi#j5 A
- 0 Ypﬁ_l _ 0 YP,}_
_Xu Xlr ?k_
Ho=1. = 0 <0, k=1,,r (18)

X, = X_ Ul
U, = Uz, —1
where A; =A, +B;K,, A;=A,+By,K,TA,+B;,K;, 'us=A,+LC,, ', =A,+L.Cy, + A,
L_;‘Czn A:’i:BZEK:‘! Aij =B2£Kj+szK;’! U;& =[C1,-+D121-K;” Dka], toh=1,2,°,r,
then for (1), the following fuzzy controller based on observer (12)

5 = ZAi(A,-q + Biw + Byt — L, (y — D, 4;(Cy;p — Dyyjw)))
j=1

u = ZAK,n

makes fuzzy system (1) asymptotically stable with H. performance bound 7¥.

Proof. Linking the fuzzy controller (19) to fuzzy system (1), we have the following
closed loop system

rr.-.f-_ B A,; Bgin 1rx _Bli
g™ ;Z‘“ ( —LCs A,+B,K, +LCs. _n}l_ _BJ“’)

3 o (20)
AA;[Ci DK,
;‘Z o DK
Let ] [I 0 ["’ (21)
L7 I I Ly
Then substituting (21) into (20) yields
PA:'_'_BZ:'K;' BZ:'Kj Mo, B
[ ] ;,2“ (L_ 0 A-+LfC2j-|:W-+_O:lw)
< (22)
o
z — EZAA [CI: +D121K DIZ:K ] (:;
i=1 ;= L Y/ |

Since any main square sub block of a negative definite matrix is also negative definite and
since (16~18), we have

DY 4+ YT <Yi, TOY YD, <Y 4 Yy i0 =1,y 7, i< (23)

(YU )r){r < O (24:)
where Y,; , 1s the nXn main sub-block of X, in the low right-hand corner,i,j =1, 2, ,r.
By (21) and (22), we have @=x, ly"‘q'—"x and

y=n—Xx%= EEAA (A; + L.Cy)Dwy

t=1 =
Let N,=YL,. By (23), we have
AiY+CLN! + YA, + NC,; <Yy
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YA, + N.Cy, +YA, + N.Cy, + ATY + CENT + ATY + CINT <Y, + Y1, i <
By (24) and Theorem 3, we know in (22), wy(t) =95(t) —x(¢)—>0, as t—co, under any
disturbance w(t) and any feedback gain K,. By (18), we have

Xll Tee X}r 2/1;& ‘lrk
th X]r U;k_ o .
0 : " . . __ r
= ;Ak X e X, UL X, X, ZﬂkUﬁ
_U]k “ee Un:z __"I_ i} ] e=1
ERkUlk ZAka’f _"I
k=1 k=1 B
By Shur complement, we have
- T -~ - r - T
AU AU
: L e — : < 0 (25)
Xr >0 er_ r y '
- SAUL || DU
k=1 4 Le=1 -

Therefore for any t>>0 and state vector [@' (2),y' (1) ]7#0, we have

Z 2’13 Loy X 'co‘<

1=1 } —ly—'
Z EAA AAL["  w! JULU, al; =—2z2'z (26)
=1 u=1 v=1 — ¥ —
By (25), there exists a O such that
EZ’L‘AJ[“’T v X, ® <—alw' y ] @ (27)
i=1 j=1 LY LY _
. - 1 X 077@"
Construct Lyapunov function V(t)=[e' v ] 0 Y.Lyl By (22), we have
_ 1 .
’ r AEX + XAu + __"XB I‘BTI'X XAH B ]
Vi = 3 [e" y'] y o Y
=1 ) ATX 1“"‘Y+Y1“ -Y -
e 1 - “ T >
- . XAgj | XB IBT;X XA,;j X.Agj | XB ,B _,X ol
Sy 3ot vl I + It @1
i=1 i< ul 0 YFU_ ] 0 I LY
Z ZAA TXBHB{;XC!) + ZA{(WT E,X(O “—COTXBHW).
=1 j=1 i =1
By (16,17), we have
V(t) <E 2)«:1 o' ' X, 3 + Yrwlw—
~ = W
T
(yw——-ZABhXco) (yw————ZABTXm) (28)

t =1

When w(t)=0, by (27,28), we have

V() < E ZA,-AJ;[&)T v 1X, 3](*—&[(01' v 3
i=1 j=1 - - Y-
By Definition 1, when w(¢)=0, we know (20) and (22) are quadratically stable. By (26~

28), for any t>0, we have
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V() <—ax"x —ayTy+ 7 wiw— (yw i ZABEX&))T(VW L ZA,;B}LX&))
i=1 ) ==

V() <=2zt 7ww— 1' ZA’BEX“’ )T (- %—ZLBEXCO)

Since zero initial condition (x(0) =0), V(x(0))=0. Integrating both sides of the above

inequalities from O to oo, we have
2

0<—allxli—alyli+r wli—y|w ;;w;ﬂx@ -

elxlidtalx—nli<swl |

2

0<— llzlli+7|w|i—7y wP?ZAfB};Xm >z i<yIwl!
i=1 2

The following theorem gives the method of designing the observer and the H., con-
troller in two steps. In step 1, by solving the LMIs (29~31), we find K;( i=1,2,+, r)
for the H.. controller. In step 2, using Z, N; obtained in step 1 and by solving LMI (32,
33), we find L;( t=1,2,++,r) for the observer.

Theorem 4. Let's consider fuzzy system (1). For a given y>>0, If in step 1 there exist
matrices Z, M;, N;, Z,, where Z is a symmetry positive definite matrix, N; and Z; are
symmetry matrices, N,=N,, Z,=Z., i, j=1,+, r, i7j, such that the following line-
ar matrix inequalifies

_ 1 -
ZAT +MIBY, + AZ + B.M. + B.BY, B.M,
2 2 )’2 140 2 2 < Z. (29)
) M, B,, N _
S, +S} < Z, + Z) (30)
are satsified,where
o _ |AZ+BuM, +AZ+ByM, - ;B“ T B,M. + B,M,
oo
) 0 N; _
-Zn er .lrk_.
£ .:: Z: :T <09k= ].!"'ar (31)
ri r i
_V];e e Vd-, — I

Where V,} :[lez_}_DlziMk ’ Dlngk]gr 7 k:]_, 2; "t s T ﬂnd If (after SOlVing the LMIS In
step 1) in step 2 there exist matrices J,, i=1, 2,**, r and a symmetry positive definite
matrix Y such that the {following linear matrix inequalities

AY+CJ! + YA +J.Cou < Z7'NZ™! (32)
(A TADYHYAFADHCL] T +CLT T+ T.Coy +],CouKZT'N,Z7' +Z7'NGZ71, 1<
(33)

are satisfied, then for (1), the controller (19) based on the observer (12) makes fuzzy
system (1) asymptotically stable with H.. performance bound y, where K, =M,Z7', L,=
Y ' T, i=1,2,,r.

Proof. Let X ' =Z, Premultiply and postmultiply (32,33) by X!, and we have

ZAYZ +ZC] [ Z+2ZYAZ+Z] CyZ < N,

ZA; +ADYZ+ZYA+ADZ+ZCLIIZ+2Co) [ Z + 2] Cop,Z + 7] ,ColZ < N; +Ni i <j
Let E;=ZA/YZ+ZC, ][ Z+ZYAZ+Z].Co.Z, E,=ZY(A,+A)NZ+Z]C,Z+ 2] ,C,Z.
Then we have E;<<N;, E; +E; <N, +N}, i, j=1,*+,r and
ZAT +MIBL + AZ + BuM, + BBl BuM,
M; B;; E;

< Z; (34)
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Simi]arlys we h&V@ PI}‘ + PE; é ZI} _,_Z;l; (35)
AZ-+ByM,+A,Z+B,M,+~B,B. B,M +B,M,] |
where P, = Y . Premultiply and
O E:} —

postmultiply (34,35) by diag(Z ', Z7'), premultiply and postmultiply (31) by diag
(Z 'y Z ' D and let X=2"', X, =2"'Z,Z7', K.=MZ ', L,=Y""],, i, j=1,2,
e ,r. By (31,34,35), we can verity X, X,, K,, L,, i, j=1,2, -+, r satisfy Lemma 2.
By Lemma 2, we know that tor fuzzy system (1), the fuzzy controller (19) based on ob-
server (12) 1s asymptotically stable with H.. performance bound 7.

By the similar methods, we also can prove the following lemma and theorem

Lemma 3. Substituting U, ={C, + DKy DinK. ]y iy k=1,2, =, r, for U, =] C,;
+ DK,y Di2:K, ] in Lemma 2 the lemma also holds.

Theorem 5. Substituting V, =1C,Z +D..M,, D, M, 1}, i, k=1,2,+,r, for V, =
' C,,Z+D,;,;M,, D,;M,] in Theorem 4 the theorem also holds.

4 Numerical Example
We consider the {following problem of balancing an inverted pendulum on a cart. The
motion equations'’*! for the pendulum are
- gsin{x;) —amlx;sin(2x;)/2 — acos(x;)u
41/3 — amlcos* (x,)
where x, denotes the angle of the pendulum from the vertical, x, 1s the angular velocity,

73 (36)

T) = Ty X

g=09, 8m/s" is the gravity constant, w is the external disturbance variable. 7 is the mass
of the pendulum, M is the mass of the cart, 2/ is the length of the pendulum, and u is the
force applied to the cart, a=1/(m+M). We choose m=2. Okg, M=8. 0kg, 2/=1.0m in

the simulation. We apply T-S fuzzy model (1) to the design of H.. fuzzy controller (19)

based on the observer (12), where r=2,

™ 0 1 3 0 '
— . — ’ B ——
A |17, 2941 o] Ba = | . 1765] Yo L1
1 177
n = Chp = ol "’ o1 = 0, 008, D,, = 0.07
~ O 17 ~ 0 N 0~
5 ’ n ’ B —
Az . 12.6300 O._ Bz L— 0.0779_ - 1
_1 T
(:;31 - C11 — O] ’ D122 == (), 006 ’ DE}E = (), 0&

A, () =01 —1/(1 +exp(—7(x1(t) —x/4)))) « (1/(1 +exp(— 7(x; () +7/4))))

Ao (.Il (1)) =1 — A1 (x, (1))
Apply Theorem 4 (y=1). In the first step, we get

s [0 3061 —0.8721- N 25.3357 0.3497 -
—0.8721 3.5927 J’ YL 0.3497 —21.466_
N,, = _ 02_67'8952094 __02‘1?8653033} M, = [38.8696 —0.8382]
M, = [50.7692 —9.75617, N, = 0
~— 1.1803  1.1964 — 0. 2020 0.0842 -
1.1964 —16.2144 —0.3447 —0.2705

Ly = —0.2020 —0.3447 —12. 0890 0. 10061

- 0.0847 — 0. 2705 0.1061 — 11. 39964




52

ACTA AUTOMATICA SINICA

Vol. 29
~— 1.1030  2.0057 0.1192 0.0132 -
g 2.0057 —10.9215 — 3.0831 0, 4477
“ 1 0.1192 —3.0831 —16.6905 0. 7319
. 0.0132 0. 4477 0.7319 —11.5527_
— 0., 0642 0.4754 0.2313 — 0. 3883"
7. 0.9150 —4.9682 —9.1021 0.9487
21 0. 0454 0.2177 4, 4617 —0.1195
_0.0048 —0.1696 —0.2369 3.9361 _
Apply Z and N, obtained in the first step, and we get
- r—0.1329 : ~ 1—0.1336" : [ —0.7283 -
J1 = - — 7.7936}( 107 J. = | —5 8092}10 ’ Ly = | — 18. 3060 ]
L, = ____103: 66244628_, K, = [409.7513 99.2353], K, = [512.9116 121.7956]

By Theorem 4, we know fuzzy controller (19) based on observer (12) makes the tuzzy
system (1) asymptotically stable with H. performance bound 7. In Figure 1, 0<Ct<C15,
x(0)=[1.2,2], n(0)=[1.5,2.2], w(t)=3sin(2xt). In Figure 1(a) the solid line is the
graph of e, (¢) =5 (¢) —2,(2), the broken line is the graph of e, () =7, (¢) —x,(¢); in lig-
ure 1(b) the solid line is the graph of 2(¢), the broken line is the graph of w(z).
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Fig.1 Response of system (36) for an initial condition x(0)=[1.2,21, n(0)={1.5,2.2]

§ Conclusion

Two new sufficient conditions , which guarantee the existence of H,., controller based
on observer for the T-S fuzzy systems, fully of consider the interactions among the subsys-

tems in terms of linear matrix inequalities and we can apply them to the study of similar

problems. By numerical example, we show that the designing methods are very practical
and efficient.

References

1 Kim E, Lee H. New approaches to relaxed quadratic stability condition of fuzzy control systems. IEEE Transac-

tions on Fuzzy Systems, 2000, 8(5): 523~533

2 Feng G, Cao S G, Rees N W, Chak C K. Design of fuzzy control systems with guaranteed stability, Fuzzy Sets and

Systems, 1997, 85(1): 1~10

3 Cao S G, Rees N W, Feng G. Stability analysis and design for a class of continuous-time fuzzy control systems, In-

ternational Journal of Control, 1996, 64(6) . 1069~1087



No, 1 LIU Xiao-Dong et al. : Observer-Based H.. Controller Designs for T-S Fuzzy Systems 53

10

11

12

13

14

15

16

17

18

19

Cao G S, Rees N W, Feng G. Analysis and design for a class of complex control systems Part I 1L Automatica,
1997, 33(6).1017~1028

Doyle J] C, Glover K. Khargonekar P P, Francis B A. State space solution to standard H> and H., control problem.
IEFE Transactions on Automatic Control, 1989,34(4) . 831~846

Isidori A, Astofi A. Disturbance attenuation and Ho control via measurement feedback in nonlinear systems. IEEE
Transactions on Automatic Control, 1992,37(6); 1283~1293

Khargoneker P P, Petersen I R, Zhou K M. Robust stabilization of uncertain linear systems: Quadratic stability and
H..control theory. IEEFE Transactions on Automatic Control, 1990, 29(1). 1~10

Tseng CS, Chen B S, Uang H J. Fuzzy tracking control design for nonlinear dynamic systems via T-S fuzzy model.
IEEE Transactions on Fuzzy Systems, 2001,9(3): 381~38§2

l.Lee K R, Jeung E T, Park H B. Robust fuzzy H™ control for uncertain nonlinear systems via state feedback: An
LMI Approach. Fuzzy Sets and Systems, 2001, 120(1):123~134

Cao S G, Rees N W, Feng G. H. control of uncertain fuzzy continuous-time systems. Fuzzy Sets and Systems ,
2000, 115(2);: 171 ~190

Takagi T, Sugeno M. Fuzzy identification of systems and i1ts applications to modeling and control. IEEE Transac-
tions on Systems, Man, Cybernetics, 1985, 15(1);: 116~132

Takagi T, Sugeno M. Stability analysis and design of fuzzy control systems. Fuzzy Sets and Systems, 1993, 45(2) .
135~156

Zhang Ning, Feng Gang. H.. output feedback control design of fuzzy dynamic systems via LML, Acta Automatica
Stnica, 2001, 27(4); 495~509

Feng G, Caoc G, Rees W. An approach to H., control of a class of nonlinear systems. Automatica, 1996, 32(10).
1469~1474

Tanaka K, lkede T, Wang H O. Robust stabilization of a class of uncertain nonlinear systems via fuzzy control;
Quadratic stabilizability, H.. control theory, and linear matrix inequalities. IEEFE Transactions on Fuzzy Systems,
1996, 4(1), 1~13

Boyd S, EL G, Feron E, Balakrishan V. Linear Matrix Inequalities in System and Control Theory. Philadelphia,
PA. SIAM, 1994

Xia Yuan-Qing, Jia Ying-Min. Design of observer-based robust H, controllers., Acta Automatica Sinica, 2001,27
(2): 235~241(n Chinese)

Zhang Qing-Ling, Dai Guan-Zhong, James L.am, Zhang Li-Qian, M de la Sen. Asymptotical stability and stabiliza-
tion of descriptor systems, Acta Automatica Simica, 1998,24(2): 208~212(in Chinese)

Wang Jing. Liu Xiao-Ping. On the observer design for a class of nonlinear singular systems. Acta Automatica Sini-
ca, 2000,26(3): 373~378(in Chinese)

LIU Xiao-Dong Ph. D. candidate in the College of Information Engineering, Northeastern University,

and a Professor of Department of Mathematics and Physics, Dalian Maritime University, He is particularly
interested 1n fuzzy systems and fuzzy control theory and its applications.

ZHANG Qing-Ling Professor and dean of the College of Sciences, Northeastern University. He is

particularly interested in robust control of descriptor systems and H,/ H. control of descriptor Systems,

T-S BM R AR E T UM ERAY Ha 12 B
Mg KRR

(R KRFHEERE WH 110004

SCKREBHERXFEHER XE 116026)
(E-mail;: xiaodongliu_ chn@163. net)

W ¥ B3 T T-S (Takagi-Sugeno) BB £ 4 Ho EH Bt RE. MR I Kim E. 58 T-S B2 #
REA RKBENFKM. SHT TSEMAEFPUAMBZ T TE. R8T TSEBAL
ETFUMEN H.EHGFENFIMFORDIANT. T EAERR. MAXTFRTRBTFRE
Bl HEEER. Be@EdsF, WA LMISEAR, B r AXS e T-SEM ARG & T W
) H.. %5 2% 89 iR 05 15 T/ 8 5 17

X@E H.BH, TSENES, “KEas, NN, KMEERSR UMD, RE KB
hES XS TPI3



