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Decentralized Robust Control
for Nonlinear Interconnected Systems
Based on T-S Fuzzy Bilinear Model

Zhang Guo and Zhao Yanhua
Electrical Engineering Department, Luoyang Institute of Science and Technology,
471023, Luoyang P. R. China
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Abstract: This paper focuses on the decentralized robust control problem for a class of nonlinear interconnected
systems which are composed by Takagi-Sugeno (T-S) fuzzy bilinear models with interconnections. Based on the
Lyapunov stability analysis theory, some robust stabilization sufficient conditions are derived for the whole
closed-loop fuzzy interconnected systems. The corresponding decentralized fuzzy controller design is converted
into a convex optimization problem with linear matrix inequality (LMI) constraints. The simulation examples
show the effectiveness of the proposed approach. Copyright © 2013 IFSA.

Keywords: Fuzzy control, Decentralized control, Robust stabilization, Fuzzy bilinear model, Linear matrix

inequality (LMI).

1. Introduction

In recent years, T-S model-based fuzzy control has
attracted wide attention, essentially because the fuzzy
model is an effective and flexible tool for control of
nonlinear systems [1, 2]. The T-S fuzzy model is
employed to represent or approximate a nonlinear
system, which is described by a family of fuzzy
IF-THEN rules that represent local linear input-output
relations of the system. The overall fuzzy model of the
system is achieved by smoothly blending these local
linear models together through membership functions.
The control design is carried out based on the fuzzy
model via the so-called parallel distributed
compensation (PDC) scheme [2].The idea is that for
each local linear model, a linear feedback control is
designed and the resulting overall controller, which is
nonlinear in general, is fuzzy blending of each
individual linear controller. Just because of this, T-S

Article number P_SI 328

fuzzy model is widely used to the control design of
nonlinear systems.

Large-scale interconnected systems can be found
in many real-life practical applications such as electric
power systems, nuclear reactors, economic systems,
process control systems, computer networks, and
urban traffic networks, etc. The properties of
interconnected systems have been widely studied and
many different approaches have been proposed to
stabilize the interconnected linear systems [3, 4]. At
the same time, T-S fuzzy model is widely used to the
control design of nonlinear interconnected systems [5,
6]. However, it is noted that the above nonlinear
interconnected systems are all based on T-S fuzzy
linear model.

It is known that bilinear system can describe many
physical systems and dynamical processes in
engineering fields [7, 8]. There are two main
advantages of the bilinear system. One is that it
provides a better approximation to a nonlinear system
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than a linear one. Another is that many real physical
processes may be appropriately modeled as bilinear
systems when the linear models are inadequate. A
good example of a bilinear system is the population of

- . . de .
biological species described bya = 6V, where V is

the birth rate minus death rate, and & denotes the
population. It is impossible to approximate the
aforementioned equation by a linear model [7].

Most of the existing results focus on the stability
analysis and synthesis based on T-S fuzzy model with
linear local model. However, when a nonlinear system
has complex nonlinearities, the constructed T-S model
will have to consist of a number of fuzzy local models.
This will lead to very heavy computational burden.
Considering the advantages of bilinear systems and
T-S fuzzy control, the fuzzy system based on the T-S
fuzzy model with bilinear rule consequence was
attracted the interest of researchers [8-13]. The fuzzy
bilinear model may be suitable for some classes of
nonlinear plants [8]. The robust stabilization for
continuous-time fuzzy system with bilinear model
was studied in [8], then the result was extended to the
delay fuzzy system [9]. The problem of robust
stabilization for discrete-time fuzzy system with
bilinear model was investigated in [10]. In [11], we
extended the idea in [8] to multiple input bilinear
systems with uncertainties, and proposed a robust
H-infinity control strategy. We also obtained the
non-fragile control law for the fuzzy systems with
bilinear model in [12]. So far, the decentralized
control of fuzzy interconnected systems with bilinear
model has not been discussed.

2. System Description and Assumptions

Motivated by the above observation, in this paper,
the problem of decentralized robust control is studied
for the interconnected systems with fuzzy local
bilinear model. Based on the PDC scheme, new robust
stabilization conditions for the closed-loop fuzzy
systems are derived. The three main contributions of
this paper are the following: 1) The fuzzy bilinear
model is extended to the interconnected nonlinear
systems; 2) A decentralized controller is presented for
the fuzzy interconnected system with uncertainties in
state, input and interconnected term; 3) The
decentralized robust stability conditions for the fuzzy
system are described by LMIs. Finally, two simulation
examples are given to demonstrate the results

The paper is organized as follows. Section 2
introduces the fuzzy interconnected system with local
bilinear model and decentralized robust controller law
for such system. Results of decentralized robust
control are given in Section 3. Two simulation
examples are used to illustrate the effectiveness of the
proposed method in Section 4, which is followed by
conclusions in Section 5.

Notation 1: Throughout this paper, a real
symmetric matrix P >0(P>0) denotes P being a

positive definite (or positive semi-definite) matrix. In
symmetric block matrices, we use an asterisk (*) to
represent a term that is induced by symmetry and

diag{....} stands for a block-diagonal matrix. The

. S S S . .
notion Zi i1 means ZHZH . Matrices, if

the dimensions are not explicitly stated, are assumed
to have compatible dimensions for algebraic
operations.

Consider a nonlinear interconnected large-scale system €2 composed of S subsystems Q)i =1,2,...,S . Each

fuzzy rule of the subsystem €2, can be represented by the T-S bilinear model. The m -th rule for the subsystem €2,

is proposed as the following form:

R" if

&@® is K and ..and &, (1) is FJ

then Xi (t) = (Aim + AAm)xi (t) + (Nim + ANim)xi (t)ui (t) + (Bim + ABim )ui (t) (1)

S
+ 221054 Ciim + AC)X (O

m=1,2,..,r,

where I; is the number of the fuzzy rules for the i -th subsystem. &;(t) and Fijm, J=12,...,v, are some
measurable premise variables and fuzzy sets. X;(t) € R™, U;(t) € R are the state vector and control input of the
subsystem, respectively. A €R"™ B _eR" ) N,, € R™™ denote the subsystem matrices with

. . . n;xn; . . . - -
appropriate dimensions. C jim € R represents the interconnection matrix between the i -th and the j -th

subsystems. AA,AB,

Im,ANim and AC jim are real bounded matrices containing time-varying parameter

uncertainties. We assume , as usual, that the uncertainties should satisfy the following assumption.
Assumption 1 [8]: The parameter uncertainties considered here are norm-bounded and presented by the form

[AAm ANim ABlm]:HimFim(t)[Eilm EiZm Ei3m]
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ACjim jlm ]Im (t)lem ’

where E; By B His Yiins T are known real constant matrices of appropriate dimension, and K (t),
JIm(t) are unknown matrix functions with Lebesgue-measurable elements and satisfies F; (1)F, () <1,
Fim (t)F“m t) <1 forallt.

By using singleton fuzzifier, product inferred, and weighted defuzzifier, the system can be expressed by the
following global model:

50 =20 M (& ONA, +AA)X ) +(Ny, + AN )X (B (t)

(2)
+(B,, +AB, U, (t)+z 1 (Ciim + AC )X, (D]
O (S (1)) v .
where 1y (& (1)) = » @ (&)= oy Mimj (&) . Hip (& (1) is the grade of
> o (&) 1. :

membership of & (t) in F.". In this paper, it is assumed that @, (& (t)) > O and Z;'H @, (& (1)) > 0 for all

1
t. Then we have the following conditions h,, (& (t)) > 0and Zm _ Nin (& (1)) =1 for all t. In what follows,

we will drop the argument of h,_ (& (t)) for simplicity.

Based on PDC, the fuzzy controller shares the same premise parts with (1), the I-th fuzzy controller is
formulated as follow

if &) is K and ..and & (V) is F

|m |(t)
\/1+Xi KimKimXi

3

then U; t)= =P sin gim = p; €os gimKlm |(t)

where K, € R™™ is a local controller gain to be determined and p; >0 is a scalar to be assigned.

sing, == cosg, =L g -2
\/1+x K KinX; Y1+ X KK X 2°2
=1,2,..,1, i=1,2,..,5.

The overall fuzzy control law can be represented by

ui(t)=zrr;:1himpi sing,, Z Do, cos 8, K, % (1) 4

By substituting (4) into (2), the | -th closed-loop subsystem can be represented as

(O =" B LA+ AA )X O+ D im +AC )X, (D], 5)

JIJ'

Where Ai,I'TTI = AITI +p| Sm&ln Nlm +p| CosalnamKin’AAi,rm :AAITI +p| SinHmANlm +p| COS&IFIABImKin °
The objective of the paper is to design decentralized fuzzy controllers (4) such that the closed-loop systems (5)
is decentralized robust stable.

3. Main Results

Before proceeding with the following theorems, we introduce the following lemmas which will be used in our
results.

Lemma 1 [14]: Given any matrices M and N with appropriate dimensions such that £ > 0, we have
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M'N+N'"M<eM™ +&'N"N.

Lemma 2 [15]: Let M, N and F(t) be real matrices of appropriate dimensions with F(t)" F(t)< | . For
scalare >0, wehave M "F(t)N +N"FT ()M <eM™™ +&'N"N..

The following theorem gives the sufficient condition for the existence of the fuzzy decentralized controller for
the interconnected system (5).

Theorem 1 For given scalars p; > 0,&,, > 0,6, >0,&,; >0,1=1,2,...,S, the interconnect system (5) is
robust stable if there exist positive definitt matrices P >0,i=1,2,...,S and matrices

K m=12,..,r, i=12,..,S such that the following inequalities (6)-(7) are satisfied.

im»
<0, m=1L12,..,r,i=12,..,S (6)

O +D; <0, I<m<n<r,i=12,.,S, @)
where

T T S T
i,mn = I,mn + ZJ 1, j=i PlemC“mP + (S _l)l +ZJ 1, j=i jlejlmpl +Zj:1’j¢iTijmTijm’

= AP +PA, +&,p?PP +&,'NIN, +&;' (B, K,) (B, K,)+& El E,.
+ (& +E,0P)PH, HEP 465 B Eppn + 657 (Eisn Ki) T (B Ko )-

i2m —i2m

|mn

i3m i3m

Proof: Take the Lyapunov function candidate as
s s 1
V()= zizlvi = ZH X (DEX 1) @)
The time derivatives of V (1), along the trajectory of the system (5) is given by

V() =37 % ORX O+ X (DRX )]
_ZI IZmn 1 im m[X (t)(Al mn +PA +AAT P +PiAAi,mn)Xi(t)

1,mn

+Z“ X (OC [ Px )+ (t)PZJ i CiimX; () ®
+Z, X (t)Ac:“mei(t)+xiT(t)PiZ‘”_:Lj¢i X (D]
Applying Lemma 1, we have the following inequalities
Al P +PA o < ARP +PAL +,0 PP +&;' NN, + &' (B, Ki) (B Ky
> el L OCHPX® X ORY | Cix; ()]
(10)

—Z.Zml WX ORY . C; Cﬁmei(t)+Z X OX )]
=Y DS ORY L CinCinPX (D +(S = DX (D)X )]

Similar, applying Lemma 2, we get
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AA;rmnP_{—PAAl mn<82|PH H P_{—“;‘leEl—ll-mEllm+$3i10i2p'H' HTP
Kln) (E Kin)1

+&,'EL B+ &5 (B
> ,m[zl L X (DACTPX (1) +X, (t)PzJ L AC X, (O] (N
<Y D B ORY Y P O+X O T )]
= D OPY Y PO+ X O T T O]

Then, substituting (10) and (11) into (9) yields

i3m i3m

V(t)gzls—lz:;n lhlmhlﬂxl (t)q)lmn |(t)
_ZI IZm lhlfﬂxl (t)q)lmm |(t)+z 21 m<n hImhlnX| (t)(q) +cDi,nm)Xi (t)

(12)

Therefore, it is noted that (6) and (7) imply Y, (1) < 0, so the interconnected system (5) is robust stable. Thus,
we complete the proof.

It is noted that the matrix inequalities (6)-(7) are nonlinear matrix inequalities. In the following theorem, we
will derive a sufficient condition such that the matrix inequalities (6)-(7) can be transformed into an LMI problem.

Theorem 2 For given scalars p, >0,&,;, >0,&,, >0,&,, >0,i=1,2,...,S , the interconnect system (5) is

robust stability if there exist positive definite matrices Z; >0,i=1,2,...,S and matrices

G,,,1=12,..,5; m=1,2,..,r such that the matrix inequalities (13)-(14) are satisfied. Moreover, the
feedback gains are givenby K. =G, Z'i=1,2,...,S;m=1,2,...,r
B 0, * * * * * * *
Z, _ﬁ * % * * * *
N|mz| 0 78“' * * * % *
£.2, 0 0 0 -1 o+ o+ =[O (13)
E,.Z, 0 0 0 0 gl *
E.G, 0 0 0 0 0 —gl *
| TZin 0 0 0 0 0 0 I
i=1,2,..,5; m=12,...r.
Oim + O * * *® * * * * "
zzi _% % * * £ * £
Wi,mn 0 — P33 * * * * *
%i,mn 0 0 — Py * * *
—_— 0
EZipp 0 0 0 -—o, F S (14)
Ezzivmn 0 0 0 0 ~Pes *
E3G|,mn 0 0 0 0 0 @
| TZim 0 0 0 0 0 I

i=12,..,S; I<m<n<r.

where

S
=Z Am + Amzl +€1|p| I +(52| +g3|pl )H Hlm +Z] 1, ]¢|lemc};m +Zj:1,j¢iniij-i[m’
S—1

T N~ Nimzi
TZiw =[TonZs TomZi  TyZi ToumZs -~ TenZil's NZim = :

iim<i izm<i ii—Im=i ii+Im*=i iSm=i
NinZi
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B BimGin = - EilmZi = - EiZmZi =~ Ei3mGin
BGim = EZ = EZ = EG = ,
BGin R ] =T R ) =P " EisGin

2(5-1)

TZimn =[TnZs TonZs o TonZs TonZs TounZs TomZs o TenZs TeZil's

im=i in=i ii—-Im<i ii—-In=i ii+Im=i ii+In=i

Py, =@, =diagie;l, g1}, o =diagie,l, e, 1}, o4 =@, =diagie; 1,51}

Proof: letting P =Z" and noting G, =Ki.Z.

i im
S+5

———
Then, pre-multiplying and post-multiplying diag{P,1,1,...,1,1} to (13) results in

'pi(pimpi * * * * * * *
|’ 1 * * * * * *
S-1
Nim 0 _€1i| * * * * *
BimKim 0 0 glil * * * * 0
Eiin 0 0 0 gl = SRR (15)
E.,, 0 0 0 0 -l * %
EsKin 0 0 0 0 0 -l *
| Tw 0 0 0 0 0 0 -I]
i=12,.,S; m=12,..,r,
S—1
T T
where Ti,m =[Tilm Ti2m ’ Tii—lm Tii+1m TiSm] :

Applying the Schur complement to (15) results in the condition (6). It is similar to prove that the (14) is
equivalent to the condition (7). Therefore, it follows from Theorem 1 that the interconnected system (5) is robustly
stable. Thus, the proof is completed.

4. Simulation Examples

In this section, two simulation examples are presented to illustrate the fuzzy controller design method
developed in this paper.

Example 1: Consider a nonlinear interconnected system composed of two subsystems which are described as
follows

Subsystem 1:
X, (1) = 0.2sin(t) X, (1) —1.5%,, (1) + 0.1, (D)X, (1) +u, (DA = X, (1)
+0.1sin(t)X;, (1)) = 0.3%,, (1) + 0.2X,, (1) — 0.1%3, (t);
X, (1) =%, (t)—(3+0.2cost)x,(t)+(1-0.2cost —x, (t))u, (t)
+0.1%,, (t) — 0.4%,, (1) — 0.1x3, (t);
Subsystem 2: (16)
Xy, (1) = 0.4sin(t)x,, (1) + X,, (1) — 0.2, (D)X, (1) + U, (1)1 - 2X,, (1)
+0.25sin(t)X,, (1)) = 0.3x,, (1) +0.2x,, () — 0.1x7, (1);
Xy (1) = =X, (1) + (1= 0.1cost)X,, (t) + (0.1cos(t)X,, (t) — 0.2 cost
— X, (DU, (1) = 0.1, (1) —0.8X,,(t)—0.7x,(1).

Then, we establish the T-S fuzzy bilinear model for each interconnected subsystem. Thus, the nonlinear
subsystem (16) are approximated by the following fuzzy models
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Subsystem 1:
R :if x, is F|
then X (t)=(A,+AA )X 1)+ (N, +AN, )X (), (t)+(B,, + AB, )u,(t)
+(C,,, +AC,, )X, (1); (17)
R : if x, is F]
then X (1) =(A, +AA)X )+ (N, +AN,)x (Hu, (t)+ (B, +AB,)u,(t)
+(C,,, +AC,,,)X, (1);

0 -1 0 -2 1 -1 0 -0.3 02
A11:|:1 _3:|’A12:[1 _3}811:Blzz|:1i|;N11:N12:|:0 _J;C211:|:0-1 _0.4i|:
:|:—0.3 0.1:|.E _E :|:0.4 O:|‘E _E :|:0.1 0:|‘E _E :|:0:|.

212 01 05 112 o o1l 122 0o ol ™ 132 02|

0 0 1 0 0 0
Tn=Tn= 0 0 JHy=H, = 0 1 Vou =Yy, = 0 ol

The membership functions of subsystem 1 are chosen as

where

(@)

0, X, () <=5
;u,:lll(xn) =10.1x, +0.5, =5<x,() <5, ;u,:lzl(xn) =1_/U,:111(X11)
1 X, () >5

Subsystem 2:
R: if x, is F),
then X, (t) =(A, +AA )X, (1) +(N,, + AN, )X, (D, (t) + (B,, + AB,,)u, (t)
+(C,,, +AC,, )X, (1); (18)
Ry : if x, is F;
then X, (t) =(A, +AA)X, (1) +(N,, + AN, )X, (Hu, (t) +(B,, + AB,,)u, (1)
+(Cp, +AC,,)X (1);

where

1 0 1 0 1 -2 0 -0.3 0.2
A21: -1 -1 ,A22: 11 ;821: 22 = 0 ;N21:N22: 0 1 ;Cm: 0.1 -08 >

-0.3 0.1 04 0 02 0 0
Cn= 01 -15 By =Eyp = 0 01 3Ep =Ep, = q 3By =By, = _ )

0 0 1 0 00
T =Typ= 0 0 sHy =Hy, = 0 1 Vi =Yy, = 0 ol

The membership functions of subsystem 2 are chosen as

0, X, (1) <=5
Hey (%) =40.1%, +0.5, =5<X,, () <5, He: (%) =1 ~He (%) -
L X, () >5

Based on Egs. (13) and (14), for p =0.46,p,=0.83 and &, =¢, =1.45,¢, =¢,, =0.68,

&, = &, =0.01, we can thereby obtained the following feasible solution:
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1 =

5.1447 23.1160 1.0980 5.0469
K, =[-0.4652 —03452],K , =[-0.8562 —0.2867]; K,, =[-0.2024 —0.3851]; K,, =[-0.3797 —0.3682].

{12.0440 5.1447} {4.3347 1.0980}
B 2= s

Figs. 1 - 3 illustrate the simulation results of applying the robust controller to the fuzzy interconnected system
under initial conditions X, = [1.2 _1,6]T and x,, = [-1_9 1,2]T . It can be seen that with the fuzzy control law

(4) the closed-loop system is robustly stable.
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Fig. 1. State responses of subsystem 1. Fig. 2. State responses of subsystem 2.
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.
0.05 0.1 0.15 0.2
time

Fig. 3. Control trajectories.

Example 2: Consider the dynamics of an isothermal continuous stirred tank reactor for the Van de Vusse

Subsystem 1:
X, (t) = =50x,,(t) = 100X, (t) + U, (10 — X, (1)) + 10X, (t)
X, (1) =50%,, (t) = 50X, (t) —u, X, (1) + 20X, (t) + 5X,, (1)
Subsystem 2:
X, (t) = 50X, (1) = 503, (t) + U, (10 + X,, (1)) + 8%, (1)
X,, (1) =100X,, (t) + U, (X, (t) +10) + 5x,,(t)

(19)

From the system equation (19), some equilibrium points are tabulated in Table 1. According to these
equilibrium points,[x, U,], which are also chosen as the desired operating points, [X, U_], we can use the similar
modeling method that is described in [8].
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Table 1 Data for equilibrium points.

X;]t; ule X'ZTS UZE‘
[2.3-4.1616] 40.9756 [2.8 3.4845] 10.7031
[4.5 -3.4770] 139.3103 [4.6 3.6745] 413014
[5.4 -2.9495] 188.7013 [5.6 3.9398] 79.5313

Thus, the system (19) can be represented by

Subsystem 1:

R : if x, is about 2.3

then X% ;(t)=A X () + B, u,;({)+ N, XU, ) +C, X5 (1)
R}: if x, is about 4.5

1

then Xlé(t) = A12X15(t) + B12ul§ (t) + N12X1<5 (t)ulé(t) + C212X25 (t)
R’: if x, is about 5.4

1

then X ;(t) = A, X5 (1) + Bsu, 5 (1) + N3 X 5 (DU, 5 (1) + C, 5 X, 5 (1)

(20)

where

[-75.2383 7.7946 [-87.3005 11.7315 [-98.6262 14.8277
150 —-100 "' | 50 -100 """ | 50 -100 |

-1 0 10 10 0
N, =N, =N;= 0 -1 ;B =B, =B;= 0 ;C211:C212:C213: 20 5;

X5 =X (1) =X, Uy =, (- u;e’

Subsystem 2:
R: if x, is about 2.8
then X,5(t) = A, X,5(1) + B, U, (1) + N, X, 5 (DU, 5 (1) + C X5 (1)
R;: if x, is about 4.6 (1)
then X,;5(t) = A, X, (1) + By s (1) + Noy X, 5 (DU, 5 (1) + C,p X, 5 (1)
Ry: if x, is about 5.6
then X, (1) = Ay X, (1) + Byt (1) + Ny X, s (DU, (1) + C, 3%, (1)

where

[-55.5332 11.3308 _[-45.8303 9.7505 [-37.7909 8.95447
50 =50 |72 | 50 50 ["'® | 50 -50 |’

-1 0 10 10 0
N21:N22:N23: 0 -1 ;82128222823: 0 ;C121:C122:C123: 20 5;

Xps =X, (1) = sze Uy = Uy (D)= uv2€'

Now, we want to consider the fuzzy system with uncertainties, where the system parameters are randomly
varied within 50 % of their nominal values. Based on the Assumption 1, we can define the matrices and as follows:

50 100 1 0 0
En=En=E;= 0 50 ;B =En=E,= 0 0 ;B =Ep=Ey= | 5
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0 0 1 0 0 0
1 =Ty = 00 sHy=Hy, =Hy, = 0 1 Yo =Y =Y = 0 ol

The membership functions of two subsystems are illustrated in Fig. 4 and Fig. 5, respectively.

12
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Fig. 4. Membership functions of subsystem 1. Fig. 5. Membership functions of subsystem 2.

By applying Theorem 2 with for p=0451=1.02 , &,=¢,=¢&5;=09,¢, =¢,, =¢€,;, =03,

&, = &, = &;; =1.4 and solving the corresponding LMIs, we can obtain the following feasible solution:

1 s

[42727 -1.3007 [14.1872 -1.9381
1-1.3007 6.4906 | * | -1.9381 13.0104

K, =[-0.4233 -0.5031],K,, =[-0.5961 —-0.7049],K, =[-1.0372 0.2120];

K, =[-0.4593 —0.3874],K,, =[-0.4121 -0.4113],K,, =[-0.6371 —0.5911].

xu(t) L ><21(t)

S xg,0]] - X0

af o ]
0 5 10 15 20 ) 25 30 35 40 45 50 % 5 0 15 20 25 20
time(sec) .
time(sec)
Fig. 6. State responses of Subsystem 1. Fig. 7. State responses of Subsystem 2.

The simulation results of applying the fuzzy control (4) to the systems (20)-(21) with
X;e=[2.3 —4.1616]T,u;e=40.9756 and X;e:[4.6 3.6745]T,u;e=41.3014 , under initial conditions
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[1,2 —1_5]T and [0,5 3,2]T are shown in Fig. 6 and Fig. 7, respectively. One can find that all the states of

subsystem | approach to the equilibrium state [2.3 —4.1616]T after 10 s and the states of subsystem 2 approach

to the equilibrium state [4.6 3.6745]T after 12 s. These simulation results verify that the proposed decentralized

fuzzy controller (4) can render the robust stability of the closed-loop systems.

5. Conclusions

In this paper, a T-S fuzzy bilinear model is
proposed to study the robust control problems for
nonlinear interconnected systems using fuzzy
decentralized control. Based on the Lyapunov
criterion, the sufficient conditions for robust
stabilization of the interconnected system are
presented. The decentralized controllers designing
problems can be formulated as a convex optimization
problem with LMI constraints. The simulation
examples are included to show the effectiveness of the
proposed approach. The delay-dependent control and
robust non-fragile control based on bilinear model will
further investigate in the future work.

References

[1]. K. Yuan, H. X. Li and J. Cao, Robust stabilization of
the distributed parameter system with time delay via
fuzzy control, IEEE Trans. Fuzzy Systems, Vol. 16,
Issue 3, 2008, pp. 567-584.

[2]. S.S.Zhou, J. Lam and W. X. Zheng, Control design for
fuzzy systems based on relaxed non-quadratic stability
and H-infinite performance conditions, IEEE Trans.
Fuzzy Systems, Vol. 15, Issue 2, 2007, pp. 188-198.

[3]. W. J. Wang and W. W. Lin, Decentralized PDC for
large-scale T-S fuzzy systems, |IEEE Trans. Fuzzy
Systems, Vol. 13, Issue 6, 2005, pp. 779-786.

[4]. R. J. Wang, Nonlinear decentralized state feedback
controller  for  uncertain  fuzzy  time-delay
interconnected systems, Fuzzy Sets and Systems, Vol.
151, Issue 1, 2005, pp. 191-204.

[5]- Y. Liu, S. W. Zhao and J. Q. Lu, New Results on
H-infinite Filter Design for Nonlinear Systems With
Time Delay via T-S Fuzzy Models, IEEE Trans. Fuzzy
Syste., Vol. 19, Issue 1, 2011, pp. 93-199.

[6]. H. Yousef, M. Hamdy and E. El-Madbouly, Robust
adaptive fuzzy semi-decentralized control for a class of
large-scale nonlinear systems using input-output
linearization concept, Int. J. Robust Nonlinear Control,
Vol. 20, Issue 1, 2010, pp. 27-40.

[7]. D. L. Elliott, Bilinear systems in Encyclopedia of
Electrical Engineering, Wiley, New York, 1999.

[8]. T.H.S.Liand S. H. Tsai, T-S fuzzy bilinear model and
fuzzy controller design for a class of nonlinear systems,
IEEE Trans. Fuzzy Systems, Vol. 15, Issue 3, 2007, pp.
494-505.

[9]. S. H. Tsai and T. H. S. Li, Robust fuzzy control of a
class fuzzy bilinear systems with time-delay, Chaos,
Solitons and Fractals, Vol. 39, 2009, pp. 2028-2040.

[10].T. H. S . Li and S. H. Tsai, et al. Robust Ho fuzzy
control for a class of uncertain discrete fuzzy bilinear
systems, |IEEE Trans. Systems, Man, and Cybernetics,
Vol. 38, Issue 2, 2008, pp. 510-526.

[11].J. M. Li, G. Zhang and C. X. Du, Robust H-infinite
control for a class of multiple input fuzzy bilinear
systems with uncertainties, Control Theory and
Applications, Vol. 26, Issue 9, 2009, pp. 1298-1302.

[12].G. Zhang and J. M. L, Non-Fragile Guaranteed Cost
Control of discrete-time Fuzzy Bilinear System,
Journal of Systems Engineering and Electronics, Vol.
21, Issue 4, 2010, pp. 629-634 .

[13].J. M. Lin and G. Zhang, Non-Fragile Guaranteed Cost
Control of T-S Fuzzy Time-varying Delay Systems
with Local Bilinear Models, Iranian Journal of Fuzzy
Systems, Vol. 9, Issue 2, 2012, pp. 45-64.

[14].R.J. Wang, W. W. Lin and W. J. Wang, Stabilizability
of linear quadratic state feedback for uncertain fuzzy
time-delay systems, IEEE Trans. Systems, Man, and
Cybernetics, Vol. 34, Issue 2, 2004, pp. 1288-1292.

[15].X. Li and C. E. de Souza, Delayed-dependent robust
stability and stabilization of uncertain linear delay
systems: a linear matrix inequality approach, IEEE
Trans. Automatic Control, Vol. 42, Issue 8, 1997, pp.
1144-1148.

2013 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved.

(http://www.sensorsportal.com)

63



£ 15SA International Frequency Sensor Association (IFSA) Publishing

Digital Sensors and Sensor Systems: Practical Design
Sergey Y. Yurish

The goal of this book is to help the practicians achieve the best metrological and technical
performances of digital sensors and sensor syslems al low cosl, and significantly lo reduce
time-to-market. It should be also useful for studenis, lectures and professors to provide a
solid background of the novel concepts and design approach

Book features include:

® Each of chapter can be used independently and confains its own detailed list of
references

& Easy-lo-repeal experimenis

® Praclical orientation

® Dozens examples of varous complete sensors and sensor systems for physical and
chemical, electrical and non-electrical values

® Detailled description of technology driven and coming allernative to the ADC a
frequency (time)-to-digital conversion

Digital Sensors
and Sensor Systenms:

pmphcal Design

Formats: printable pdf (Acrobat) Digital Sensors and Sen;or Systems: Practical Design will gregtly benefit undergraduate
; and at PhD students, enginears, scientis!s and researchers in both industry and academia
and print {hardcover), 419 pages i
Itis especially suited as a reference guide for practicians, working for Onginal Equipment
ISBN: 978-84-616-0652-8, Manufacturers (DEM) electronics market (electronics/ardware), sensor industry, and
e-15BN: 978-84-615-6957-1 using commercial-off-the-shelf components

Handbook
Handbook of Laboratory Measurements

of Laboratory Measurements

and Inslmmemat'iqn and I nstrume ntﬂtlﬂn

Maria Teresa Restivo
Fernando Gomes de Almeida
Maria de Fatima Chouzal
Joaguim Gabriel Mendes
Ant6nio Mendes Lopes

The Handbook of Laboratory Measurements and Instrumentation presents
experimental and laboratory activities with an approach as close as possible
to reality, even offering remote access to experiments, providing to the reader
an excellent tool for learning laboratory techniques and methodologies.
Book includes dozens videos, animations and simulations following each
of chapters. It makes the title very valued and differant from existing books
on measurements and instrumentation.

[ ——
International Frequency Sensor Association Publishing

Order online:

http://'www.sensorsportal.com/HTML/BOOKSTORE/Handbook_of Measurements. htm



http://www.sensorsportal.com/HTML/BOOKSTORE/Digital_Sensors.htm
http://www.sensorsportal.com/HTML/BOOKSTORE/Handbook_of_Measurements.htm

Aims and Scope

Sensors & Transducers is a peer reviewed international, interdisciplinary journal that provides an advanced
forum for the science and technology of physical, chemical sensors and biosensors. It publishes original research
articles, timely state-of-the-art reviews and application specific articles with the following devices areas:

e Physical, chemical and biosensors;

o Digital, frequency, period, duty-cycle, time interval, PWM, pulse number output sensors and transducers;
e Theory, principles, effects, design, standardization and modeling;
e Smart sensors and systems;

Sensor instrumentation;

Virtual instruments;

Sensors interfaces, buses and networks;

Signal processing and interfacing;

Frequency (period, duty-cycle)-to-code converters, ADC;
Technologies and materials;

Nanosensors;

Microsystems;

Applications.

Further information on this journal is available from the Publisher's web site:
http://www.sensorsportal.com/HTML/DIGEST/Submission.htm

Subscriptions

An annual subscription includes 12 regular issues and some special issues. Annual subscription rates for 2013
are the following:

Electronic version (in printable pdf format): 400.00 EUR
Printed with b/w illustrations: 640.00 EUR
Printed full color version: 760.00 EUR

40 % discount is available for IFSA Members.

Prices include shipping costs by mail. Further information about subscription is available through IFSA
Publishing's web site: http://www.sensorsportal.com/HTML/DIGEST/Journal_Subscription.htm

Advertising Information

If you are interested in advertising or other commercial opportunities please e-mail sales@sensorsportal.com
and your enquiry will be passed to the correct person who will respond to you within 24 hours. Please download
also our Media Planner 2013: http://www.sensorsportal.com/DOWNLOADS/Media_Planner_2013.pdf

Books for Review

Publications should be sent to the IFSA Publishing Office: Ronda de Ramon Otero Pedrayo, 42C, 1-5, 08860,
Castelldefels, Barcelona, Spain.

Abstracting Services

This journal is cited, indexed and abstracted by Chemical Abstracts, EBSCO Publishing, IndexCopernicus
Journals Master List, ProQuest Science Journals, CAS Source Index (CASSI), Ulrich's Periodicals Directory,
Scirus, Google Scholar, etc. Since 2011 Sensors & Transducers journal is covered and indexed by El
Compendex index (including a Scopus, Embase, Engineering Village and Reaxys) in Elsevier products.

Instructions for Authors

Please visit the journal web page http://www.sensorsportal.com/HTML/DIGEST/Submission.htm Authors must
follow the instructions very carefully when submitting their manuscripts. Manuscript must be send electronically
in both: MS Word 2003 for Windows (doc) and Acrobat (pdf) formats by e-mail: editor@sensorsportal.com



aemes

Intlemational Fraquancy Sansor Association Publishing i

ADVANCES IN SENSORS:
REVIEWS

Sergey Y. Yurish
Editor

Modern Sensors, Transducers
and Sensor Networks

Modern Sensors, Transducers and Sensor Networks is the
first book from the Advances in Sensors: Heviews book
=enes containg dozen collected sensor related state-of-
the-art reviews written by 31 internationally recognized
experts from academia and industry.

Built upon the series Advances in Sensors: Reviews - a
premier sensor review source, the Modern Sensors,
Transducers and Sensor Nelworks presents an overview
of highlights in the field. Coverage includes current
developments in sensing nanomaterials, technologies,
MEMS sansor design, synthesis, modeling and
applications of sensors, transducers and wireless sensor
networks, signal detection and advanced signal
processing, aswell as new sensing principles and meathods
ufrm—:;—:ﬁurt—rrr1:—:r115.

Modern Sensors, Transducers and Sensor Networks s
intended for anyone who wants to cover a comprehensive
range of topics in the field of sensors paradigms and
developments. It provides guidance for technology solution

£ & developers from academia, research institutions, and
industry, providing them with a broader perspective of
- sensor science and industry

Order online:
http://sensorsportal.com/HTML/BOOKSTORE/Advance_in_Sensors.htm

www.sensorsportal.com



http://www.sensorsportal.com/HTML/BOOKSTORE/Advance_in_Sensors.htm

