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Abstract 

In this paper, we consider the problem of state time-delay feedback 
robust ∞H  control for uncertain fuzzy discrete systems with time-delay. 
Takagi-Sugeno (T-S) fuzzy model is used to describe this kind of systems. 
Based on Lyapunov approach, a sufficient condition for the existence 
of   robust ∞H  controller is obtained. The state time-delay feedback 
controller gains are derived by solving some LMIs. A numerical example 
is given to demonstrate the effectiveness of the proposed method. 

1. Introduction 

As it is well known, time-delay and system uncertainty are commonly 
encountered and are often the sources of instability [11, 14]. The 
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uncertainties may include modeling errors, parameter perturbations, 
fuzzy approximation errors and external disturbances. In the past few 
decades, the robust stability analysis problems for uncertain systems 
with time-delay have gained much research attention ([6, 8, 10] for 
continuous-time systems and [1, 3, 11] for discrete-time systems). This 
kind of systems can be found in many real life systems such as electric 
power systems, large electric networks, rolling mill systems, economic 
systems, aerospace systems, different types of societal systems and 
ecological systems. So we consider the nonlinear time-delay systems with 
parameter uncertainties in this paper. 

In the past two decades, the fuzzy logic theory [13] has been proven 
to be a practical approach to deal with the analysis and synthesis 
problems for nonlinear systems. There exist two different types of fuzzy 
controllers: the Mamdani type [2] and the Takagi-Sugeno (T-S) type [5]. 
The T-S fuzzy model can represent nonlinear systems using fuzzy rules 
with consequent part as local linear subsystems. This kind of model can 
provide an effective representation of complex nonlinear systems. When 
the nonlinear plant is represented by a so-called T-S type fuzzy model, 
local dynamics in different state-space regions are represented by linear 
models. The overall model of the system is achieved by fuzzy ‘‘blending’’ 
of these fuzzy models. The control design is carried out based on the fuzzy 
model via the so-called parallel distributed compensation (PDC) scheme. 

The linear matrix inequality (LMI) theory is a new and fast growing 
mathematical tool for optimization problems [4, 7]. Many control 
problems can be transferred into a feasible problem of an LMI system or 
into a convex optimization problem which has the LMI restriction. In [7], 
Wang and Tanaka proposed an LMI approach to design the T-S fuzzy 
controllers for nonlinear systems described by the T-S fuzzy models. 

In this paper, our purpose is to present an LMI-based controller 
design method for uncertain discrete systems with time-delay described 
by the T-S fuzzy models. A sufficient condition for the existence of the 
robust ∞H  controller is derived by Lyapunov functional approach. The 

state time-delay feedback gains can be obtained by solving some LMIs. A 
numerical example will be given to show the effectiveness of our method. 
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The paper is organized as follows: In Section 2, the T-S fuzzy model is 
presented to model an uncertain discrete system with time-delay and an 
assumption which the uncertainties should satisfy is introduced. In 
Section 3, the existence condition of a state time-delay feedback robust 

∞H  controller is derived in an LMI form based on Lyapunov approach. In 
Section 4, a numerical example is given to demonstrate the results. 
Finally a conclusion is given in Section 5. 

Notation. For a symmetric matrix X, the notation 0>X  means that 
the matrix X is positive definite. I is an identity matrix of appropriate 

dimension. TX  denotes the transpose of the matrix X. For any 

nonsingular matrix X, 1−X  denotes the inverse of the matrix X. nR  

denotes the n-dimensional Euclidean space. nmR ×  is the set of all nm ×  
matrices. [ )∞,02L  refers to the space of square summable infinite vector 

sequences. 2⋅  stands for the usual [ )∞,02L  norm. ∗ denotes the 

transposed element in the symmetric position of a matrix. 

2. System and Problem Description 

Consider the following parameter uncertain discrete system with 
time-delay described by Takagi-Sugeno fuzzy model, the ith rule of the 
model is 

Plant Rule i: 

If 

( )tz1  is ( )tzMi 21,  is ( )tzM gi ...,,2  is ,igM  

then 

( ) ( )( ) ( ) ( )( ) ( )

( )( ) ( ) ( )

( ) ( )( ) ( ) ( )( ) ( )

( )( ) ( )

( ) ( ) [ ]⎪
⎪
⎪
⎪

⎩

⎪
⎪
⎪
⎪

⎨

⎧

−∈ϕ=

Δ++

−Δ++Δ+=

ω+Δ++

−Δ++Δ+=+

ω

,0,,

,

~

,B

1

2211

2211

dtttx

tutDD

dtxtCCtxtCCtz

tBtutB

dtxtAAtxtAAtx

ii

iiii

iii

iiii

 (1) 
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where ....,,2,1 ni =  n is the number of rules, ( ) ( ) ( )tztztz g...,,, 21  are 
the premise variables and ijM  ( )gjni ...,,2,1;...,,2,1 ==  is the fuzzy set, 

( ) lRtx ∈  is the state vector, ( ) mRtu ∈  is the input vector, ( )tω  is the 

disturbance which belongs to [ ) ( ) pRtzL ∈∞ ~,,02  is the controlled output. 

2121 ,,,,, iiiiii CCBBAA ω  and iD  ( )ni ...,,2,1=  are constant matrices of 
appropriate dimensions, ( )tϕ  is the initial condition of system (1), 0>d  
is the upper bound of time-delay, ( ) ( ) ( ) ( ) ( )tCtCtBtAtA iiiii 2121 ,,,, ΔΔΔΔΔ  
and ( )tDiΔ  ( )ni ...,,2,1=  are realvalued unknown matrices representing 
time-varying parameter uncertainties of (1) and satisfying the following 
assumption: 

Assumption 1. 

( ) ( ) ( )[ ] ( ) [ ],,,,, 2121 iiiiiiii EEEtFUtBtAtA =ΔΔΔ  (2) 

( ) ( ) ( )[ ] ( ) [ ],,,,, 2121 iiiiiiii GGGtVHtDtCtC =ΔΔΔ  (3) 

where ,iU  ,1iE  ,2iE  ,iE  ,iH  ,1iG  2iG  and iG  ( )ni ...,,2,1=  are known 
real constant matrices of appropriate dimensions. ( )tFi  and ( )tVi  
( )ni ...,,2,1=  are unknown real time-varying matrices with Lebesgue 
measurable elements satisfying 

( ) ( ) ( ) ( ) ....,,2,1,, niItVtVItFtF i
T

ii
T

i =≤≤  (4) 

Let ( )( )tziμ  be the normalized membership function of the inferred 
fuzzy set ( )( ),tziρ  i.e., 

( )( ) ( )( )

( )( )
,

1∑ =
ρ

ρ
=μ n

i i

i
i

tz

tztz  

where ( ) [ ( ) ( ) ( )],...,,, 21 tztztztz g=  ( )( ) ( ( ))∏
=

=ρ
g

j
jiji tzMtz

1
.  ( ( ))tzM jij  is 

the grade of membership of ( )tz j  in .ijM  It is assumed that 

( )( ) ( )( )∑
=

≥∀>ρ=≥ρ
n

i
ii ttznitz

1
.0,0,...,,2,1,0  

Then it can be seen that 

( )( ) ( )( )∑
=

≥∀=μ=≥μ
n

i
ii ttznitz

1
.0,1,...,,2,1,0  (5) 
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By using the center-average defuzzifier product inference and 
singleton fuzzifier, the T-S fuzzy model (1) can be expressed by the 
following global model: 

( ) ( )( ) ( )( ) ( ) ( )( ) ( )

( )( ) ( ) ( )

( ) ( )( ) ( )( ) ( ) ( )( ) ( )

( )( ) ( )

( ) ( ) [ ]⎪
⎪
⎪
⎪
⎪
⎪

⎩

⎪
⎪
⎪
⎪
⎪
⎪

⎨

⎧

−∈ϕ=

Δ++

−Δ++Δ+μ=

ω+Δ++

−Δ++Δ+μ=+

∑

∑

=

ω

=

.0,,

,

~

,

1

1
2211

1
2211

dtttx

tutDD

dtxtCCtxtCCtztz

tBtutBB

dtxtAAtxtAAtztx

ii

n

i
iiiii

iii

n

i
iiiii

 (6) 

In this paper, state time-delay feedback T-S fuzzy-model-based ∞H  
controller will be designed for the robust stabilization of T-S fuzzy 
discrete system (6). The ith controller rule is 

( ) ( ) ( ) ,is...,,is,isIf: 2211 iggii
i MtzMtzMtzR  

then ( ) ( ) ( ),21 dtxKtxKtu ii −+=  (7) 

where 1iK  and 2iK  ( )ni ...,,2,1=  are the controller gains of (7) to be 
determined. The defuzzified output of the controller rules is given by 

( ) ( )( ) ( ) ( )[ ]∑
=

−+μ=
n

i
iii dtxKtxKtztu

1
21 .  (8) 

Combining (6) and (8), the closed-loop fuzzy system can be obtained 
as 

( ) ( )( ) ( )( ) [( ) ( )

( ) ( ) ( )]

( ) ( )( ) ( )( ) [( ) ( )

( ) ( )]

( ) ( ) [ ]⎪
⎪
⎪
⎪
⎪
⎪

⎩

⎪
⎪
⎪
⎪
⎪
⎪

⎨

⎧

−∈ϕ=

−++

+μμ=

ω+−++

+μμ=+

∑∑

∑∑

= =

ω

= =

,0,,

,~~

~~~

,~~

~~1

22

1 1
11

22

1 1
11

dtttx

dtxKDC

txKDCtztztz

tBdtxKBA

txKBAtztztx

jii

n

i

n

j
jiiji

ijii

n

i

n

j
jiiji

 (9) 
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where for ,...,,2,1 ni =  

( ) ( ) ( ),~,~,~
222111 tBBBtAAAtAAA iiiiiiiii Δ+Δ+Δ+   

( ) ( ) ( ).~,~,~
222111 tDDDtCCCtCCC iiiiiiiii Δ+Δ+Δ+   

Definition 1. For a prescribed scalar ,0>γ  define the performance 
index as 

( ) [ ( ) ( ) ( ) ( )]∑
−

=

>∀ωωγ−ω
1

0

2 .0,~~
N

t

TT NtttztzJ   (10) 

Remark 1. The purpose of this paper is to design a robust ∞H  
controller (8) for the T-S discrete system (6) such that for all admissible 
uncertainties satisfying (2), (3), (4) and for a prescribed scalar ,0>γ  

(a) the closed-loop fuzzy discrete system (9) is asymptotically stable 
when ( ) ;0=ω t  

(b) the closed-loop fuzzy discrete system (9) satisfies ( ) <2
~ tz  

( ) 2tωγ  for all nonzero ( ) [ ]∞∈ω ,02Lt  under the zero initial condition. 

3. Main Results 

Two important lemmas should be introduced because they are the 
key to prove the main theorem. 

Lemma 1 [9]. For any two matrices X and Y, we have 

,1 YYXXXYYX TTTT −ε+ε≤+  

where ,, nmnm RYRX ×× ∈∈  and ε is any positive constant. 

Lemma 2 [12]. Giving the matrices Y, U and E of appropriate 
dimensions and ,TYY =  then for any matrix F satisfying ,IFF T ≤  

0<++ TTT UFEUFEY  

holds if and only if there exists a constant 0>ε  satisfying 

.01 <ε+ε+ − EEUUY TT  

In the following based on the Lyapunov approach, we will present a 
new method to design the robust ∞H  controller for uncertain discrete 
system with time-delay. 
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Theorem 1. For a prescribed scalar ,0>γ  discrete system (9) is 

stable and satisfies ( ) ( ) 22
~ ttz ωγ<  for all nonzero ( ) [ ]∞∈ω ,02Lt  

under the zero initial condition if there exist matrices 1,0,0 jKSP >>  

and ( )njK j ...,,2,12 =  of appropriate dimensions and positive constants 

ijij ηε ,  ( )nji ...,,2,1, =  such that the following matrix inequalities 

simultaneously hold: 

,1,0

0 3331

2221

11

ni

iiii

iiii

ii

≤≤<

⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡

ΞΞ

∗ΞΞ

∗∗Ξ

 (11) 

,1,0

000

00

0

3331

3331

2221

2221

1111

nji

jiji

ijij

jiji

ijij

jiij

≤<≤<

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

ΞΞ

∗ΞΞ

∗∗ΞΞ

∗∗∗ΞΞ

∗∗∗∗Ξ+Ξ

 (12) 

where  

,

200

2

00

0

2211

1
2211

2
11

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

η+−++

∗ε+−++

∗∗γ−

∗∗∗−

∗∗∗∗+−

=Ξ

−
ω

T
iiijjiijii

T
iiijijiijii

ij

HHIKDCKDC

UUPBKBAKBA

I

S

SP

 

{ } ,0,diag,
000

000
22

21

21
21 >εε−ε−=Ξ

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
=Ξ ijijij

ij

jiji

iiij II
KEKE

EE
 

{ } .0,diag,
000

000
33

21

21
31 >ηη−η−=Ξ

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
=Ξ ijijij

ij

jiji

iiij II
KGKG

GG
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Proof. Choose the Lyapunov functional as 

( )( ) ( ) ( ) ( ) ( )∑
=

−−+=
d

m

TT mtSxmtxtPxtxtxV
1

,  (13) 

where 0>P  and .0>S  From (9), we have 

( )( )txVΔ  

( )( ) ( )( )txVtxV −+= 1  

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )dtSxdtxtSxtxtPxtxtPxtx TTTT −−−+−++= 11  

( )( ) ( )( ) ( )( ) ( )( ){ ( ) ( ) ( )∑∑∑∑
= = = =

+−μμμμ=
n

i

n

j

n

k

n

l

T
lkji txSPtxtztztztz

1 1 1 1
 

( ) ( ) ( ) ( )}dtSxdtxtPt T
kl

T
ij −−−αα+  

( )( ) ( )( ) ( )( ) ( )( ){[ ( )∑∑∑∑
= = = =

αμμμμ=
n

i

n

j

n

k

n

l
ijlkji ttztztztz

1 1 1 1
4
1  

( )] ( ) ( )[ ] ( ) ( ) ( ) ( ) ( ) ( )}dtxSdtxtxSPtxttPt TT
lkkl

T
ji −−−+−−α+αα+ 444  

( )( ) ( )( ){[ ( ) ( )] [ ( ) ( )]∑∑
= =

α+αα+αμμ≤
n

i

n

j
jiij

T
jiijji ttPtttztz

1 1
4
1  

( ) ( ) ( ) ( ) ( ) ( )}dtxSdtxtxSPtx TT −−−+−− 444  

( )( ){ ( ) ( ) ( ) ( ) ( ) ( ) ( )}dtSxdtxtxSPtxtPttz T
n

i

T
ii

T
iii −−−+−+ααμ= ∑

=1

2  

( )( ) ( )( ){[ ( ) ( )] [ ( ) ( )]∑∑
−

= >

α+αα+αμμ+
1

1
2
1 n

i

n

ij
jiij

T
jiijji ttPtttztz  

( ) ( ) ( ) ( ) ( ) ( )}dtxSdtxtxSPtx TT −−−+−− 444  

( )( ) ( ) ( )∑
= ⎪⎭

⎪
⎬

⎫

⎪⎩

⎪
⎨

⎧
ξ
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
Ω+

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
∗−
∗∗+−

ξμ=
n

i
ii

T
i tS

SP
ttz

1

2

000
0  

( )( ) ( )( ) ( ) ( ) ,2
1

000
20

221

1
∑∑
−

= > ⎪⎭

⎪
⎬

⎫

⎪⎩

⎪
⎨

⎧
ξ
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
Γ+

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
∗−
∗∗+−

ξμμ+
n

i

n

ij
ij

T
ji tS

SP
ttztz  (14) 
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where 

( ) ( ) ( ) ( ) ( ) ( ),~~~~
2211 tBdtxKBAtxKBAt ijiijiiij ω+−+++=α ω  

( ) [ ( ) ( ) ( )],tdtxtxt TTTT ω−=ξ  

( )

( ) [ ],~~~~~~

~~

221122

11

iiiiiii

T
i

T
iii

T
iii

ii BKBAKBAP

B

KBA

KBA

ω

ω

++

⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡

+

+

=Ω  

,ij
T
ijij PΨΨ=Γ  

[ ].~~~~~~~~
22221111 jiijjjiiijjjiiij BBKBAKBAKBAKBA ωω +++++++=Ψ  

By setting ( ) ,0=ω t  we can easily verify that ( )( ) 0<Δ txV  when (11) and 
(12) hold. 

From (9), we have 

( ) ( ) ( ) ( )tttztz TT ωωγ− 2~~  

( )( ) ( )( ) ( )( ) ( )( ){ ( ) ( ) ( ) ( )}∑∑∑∑
= = = =

ωωγ−ββμμμμ=
n

i

n

j

n

k

n

l

T
kl

T
ijlkji tttttztztztz

1 1 1 1

2  

( )( ) ( )( ){[ ( ) ( )] [ ( ) ( )] ( ) ( )}∑∑
= =

ωωγ−β+ββ+βμμ≤
n

i

n

j

T
jiij

T
jiijji tttttttztz

1 1

244
1  

( )( ){ ( ) ( ) ( ) ( )}∑
=

ωωγ−ββμ=
n

i

T
ii

T
iii tttttz

1

22  

( )( ) ( )( ) [ ( ) ( )] [ ( )∑∑
−

= >
⎩⎨
⎧ ββ+βμμ+

1

1
2
1n

i

n

ij
ij

T
jiijji ttttztz  

  ( )] ( ) ( ) ,2 2
⎭⎬
⎫ωωγ−β+ ttt T

ji  (15) 

where  

( ) ( ) ( ) ( ) ( ).~~~~
2211 dtxKDCtxKDCt jiijiiij −+++=β  
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Assume that ( ) .0=ϕ t  Then we consider the performance index (10) of 
system (9) 

( ) [ ( ) ( ) ( ) ( ) ( )( )] ( )( )∑
−

=

−Δ+ωωγ−=ω
1

0

2~~
N

t

TT NxVtxVtttztzJ  

[ ( ) ( ) ( ) ( ) ( )( )].~~
1

0

2∑
−

=

Δ+ωωγ−≤
N

t

TT txVtttztz  

Combining (14) and (15), by using the Schur-complements, we can 
prove that when (11) and (12) hold, ( ) ,0<ωJ  i.e., ( ) ( ) .~

22 ttz ωγ<  

This completes the proof. 

Noting that (11) and (12) are not LMIs, we cannot solve them directly 
by using MATLAB LMI Toolbox, so it is necessary to transfer them into 
LMIs. The following theorem gives a sufficient condition for the existence 
of robust ∞H  controller. State time-delay feedback gains can be derived 
by solving some LMIs. 

Theorem 2. For a prescribed scalar ,0>γ  discrete system (9) is stable 
and satisfies ( ) ( ) 22

~ ttz ωγ<  for all nonzero ( ) [ ]∞∈ω ,02Lt  under the 

zero initial condition if there exist matrices 1,0~,0 jYSX >>  and 2jY  
( )nj ...,,2,1=  of appropriate dimensions and positive constants ijij ηε ,  
( )nji ...,,2,1, =  such that the following LMIs simultaneously hold: 

,1,0

0 3331

2221

11

ni

iiii

iiii

ii

≤≤<

⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡

ΦΦ

∗ΦΦ

∗∗Φ

 (16) 

,1,0

000

00

0

3331

3331

2221

2221

1111

nji

jiji

ijij

jiji

ijij

jiij

≤<≤<

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

ΦΦ

∗ΦΦ

∗∗ΦΦ

∗∗∗ΦΦ

∗∗∗∗Φ+Φ

 (17) 
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where 

,

200

2

00

~0

~

2211

2211

2
11

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

η+−++

∗ε+−++

∗∗γ−

∗∗∗−

∗∗∗∗+−

=Φ

ω

T
iiijjiijii

T
iiijijiijii

ij

HHIYDXCYDXC

UUXBYBXAYBXA

I

S

SX

 

,
000

000

21

21
21 ⎥

⎥
⎦

⎤

⎢
⎢
⎣

⎡
=Φ

jiji

iiij

YEYE

XEXE
 { } ,0,diag2222 >εε−ε−=Ξ=Φ ijijij

ijij II  

,
000

000

21

21
31 ⎥

⎥
⎦

⎤

⎢
⎢
⎣

⎡
=Φ

jiji

iiij

YGYG

XGXG
 { } .0,diag3333 >ηη−η−=Ξ=Φ ijijij

ijij II  

Moreover, the state time-delay feedback controller gains of (8) are given by 

....,,2,1,, 1
22

1
11 njXYKXYK jjjj === −−  (18) 

Proof. Define ,1−= PX  ,~ XSXS =  XKY jj 11 =  and .22 XKY jj =  

Then pre- and post-multiplying both sides of (11) with 
{ },diag IIIIIIIXX  pre- and post-multiplying both sides of (12) with 
{ },diag IIIIIIIIIIIXX  we can obtain (16) and (17). 

4. A Numerical Example 

In this section, we present an example to illustrate the effectiveness 
of the proposed robust ∞H  controller design method. Consider an 
Uncertain T-S Fuzzy Discrete System with Time-Delay as follows: 

Plant Rule 1: 

If ( )tx2  is ,1M  then 

( ) ( ) ( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( ) ( )⎪
⎪
⎩

⎪
⎪
⎨

⎧

Δ++−Δ++Δ+=

ω+Δ++

−Δ++Δ+=+

ω

.~

,

1

1112121111

111

12121111

tuDDdtxCCtxCCtz

tBtuBB

dtxAAtxAAtx
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Plant Rule 2: 

If ( )tx2  is ,2M  then 

( ) ( ) ( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( ) ( )⎪
⎪
⎩

⎪
⎪
⎨

⎧

Δ++−Δ++Δ+=

ω+Δ++

−Δ++Δ+=+

ω

,~

,

1

2222222121

222

22222121

tuDDdtxCCtxCCtz

tBtuBB

dtxAAtxAAtx

 

where 

,
5.06.0
6.05.0

,
15.0
1.001.0

1211 ⎥⎦
⎤

⎢⎣
⎡ −

=⎥⎦
⎤

⎢⎣
⎡
−
−

= AA  

,
00
01.001.0

,
00

5.01.0
2221 ⎥⎦

⎤
⎢⎣
⎡ −−

=⎥⎦
⎤

⎢⎣
⎡ −−

= AA  

[ ] [ ],3.01,105.0 1211 −== CC [ ] [ ],2.00,2.00 2221 == CC  

,
2.0

0
,

1
0

121 ⎥⎦
⎤

⎢⎣
⎡=⎥⎦

⎤
⎢⎣
⎡== ωBBB ,5.0,1,

1.0

0
212 ==

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
=ω DDB  

,
1.00

00
,

00
2.00

,
01.0
1.005.0

2212211121 ⎥⎦
⎤

⎢⎣
⎡==⎥⎦

⎤
⎢⎣
⎡==⎥⎦

⎤
⎢⎣
⎡== EEEEUU  

[ ] ,
00
005.0

,01 2212211121 ⎥⎦
⎤

⎢⎣
⎡====== GGGGHH  

.
0
0

2121 ⎥⎦
⎤

⎢⎣
⎡==== GGEE  

Choosing ,2,1 ==γ d  by using MATLAB LMI Toolbox to solve the LMIs 

(16) and (17), we can get the positive definite matrices SX ~,  and matrices 
:,,, 22211211 YYYY  

,
1040.00350.0

0350.01404.0~,
2023.00706.0

0706.01981.0

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
=

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
= SX  

[ ] [ ],1571.01053.0,1643.00211.0 1211 −−=−= YY  

[ ] [ ].0062.00037.0,0402.00188.0 2221 −−=−−= YY  
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By (18), we can get the state time-delay feedback gains as 

[ ] [ ],6741.02913.0,9685.04514.0 1211 −−=−= KK  

[ ] [ ].0274.00089.0,1889.00277.0 2221 −−=−−= KK  (19) 

From Theorem 2, we can see that the given T-S fuzzy discrete system is 
robustly stabilizable under controller (8) with controller gains (19) and 
satisfies ( ) ( ) 22

~ ttz ωγ<  for all nonzero ( ) [ )∞∈ω ,02Lt  under the 

zero initial condition. 

5. Conclusion 

In this paper, we have studied the robust ∞H  control for a class of 
T-S fuzzy-model-based discrete systems with time-delay and norm-
bounded parameter uncertainties. A sufficient condition for the existence 
of the robust ∞H  controller has been obtained in an LMI form by 
Lyapunov functional approach. Finally, a numerical example has been 
illustrated to show the effectiveness of the proposed design method. In 
future, we will consider the output feedback control for this kind of 
systems when the states are unmeasurable. 
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