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1 | INTRODUCTION

Markov jump systems (MJSs) have already proved itself useful in modeling many practical systems such as solar power
receiver systems,! manufacturing systems? and circuit systems,* whose dynamics are typically subject to abrupt changes
due to environmental disturbances, component failures, structural instability, and so forth.*> In MJSs, these abrupt
changes are modelled by a Markov chain governed switch rule among the “modes”, where the switch rule is usually
described by a mode transition probability matrix (MTPM), and a mode is referring to a subsystem of the MJS whose
dynamics are relatively stable. For homogeneous MJSs, that is, MJSs with time-invariant MTPM, existing achievements
can refer to Costa et al.,'! Mesquita,® Geromel et al.” and Zhu et al.® for the stability and stabilization, filtering, min-
imax control and mode feedback control of MJSs. On the other hand, non-homogeneous MJSs, that is, MJSs with
time-varying MTPM, are more general and challenging. Several fundamental techniques include, the piecewise homo-
geneous approach which assumes the split of the MTPM into piecewise time-invariant ones,>° the polytopic approach
based on the polynomial cumulative form of the time-varying MTPM, %13 the dwell-time switching approach where the
MTPM depends on the operation time,'* and the norm-bounded uncertainties approach designed for the norm-bounded
MTPM.'>1¢ Based on these techniques, achievements have been made to address issues in non-homogeneous MJSs
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including stability analysis,'®* model reduction,!! filter design,'>!* and so forth. Especially, for the filtering problem,
the mode-independent H,, filter design for nonlinear non-homogeneous MJSs with the multiplicative noises,!” and the
mode-dependent I, — [, filtering for uncertain non-homogeneous MJSs by using polytope Lyapunov function,'® have
recently been reported.

Networked MJSs have recently attracted much attention due to their simple installation and easy operation. But the
advantages are not achieved at no cost: the unreliable transmissions and limited network bandwidth of the introduced
communication networks mean that, information can be both lost due to packet dropout, and quantized due to the digital
transmission. This brings to networked MJSs two challenges. Firstly, due to packet dropout, the modes available to the
filter may not synchronize with original modes, which accounts for the asynchronization phenomenon in practice.!® The
event-triggered scheme has been applied in the filtering issue for homogeneous MJSs,'*2° and for time-varying MTPM,?!
showing its prevalence in networked MJSs. Secondly, quantization inevitably degrades system performance, especially the
so-call static quantization,?? and hence dynamic quantization is attracting but there are few achievements for networked
MJSs.? That is, the filter problem for networked MJSs with packet dropout and quantization error, remains far from
solved till today.

In this paper, we endeavor to investigate the filtering problem of networked Fuzzy Non-homogeneous Markov Jump
Systems(FN-MJSs) with both packet dropout and quantization. Firstly, we design an event-triggered scheme and a
dynamic quantization method to reduce bandwidth occupation. Secondly, we propose an asynchronous extended dissi-
pativity filter under imperfect premise matching. We want to mention that the proposed extended dissipativity filter is a
generalization of existing results since the well-known H,,, [, — I, dissipativity and passivity filters are its special cases.
Furthermore, a sufficient criterion for stochastic stability of error systems is proposed in the form of coupled linear matrix
inequalities. Based on the sufficient criterion, the asynchronous extended dissipativity filter is then designed using the
relaxation method. This method, transforms the original problem with time-varying MTPM into the time-invariant case
by introducing free-connection weighting matrices, and hence simplifies the design process of the filter via coupled linear
matrix inequalities. Finally, practical examples are given to illustrate the effectiveness of the extended dissipativity filter,
including both the H,, case and the I, — [, case. The main contributions of this paper are outlined as follows.

1. A more practical scenario is considered for the asynchronous filtering problem of networked non-homogeneous MJSs
which suffer from unknown disturbance noise and packet dropout. In such a scenario, premise variables of FN-MJSs
are not available to the filter due to packet dropouts. Existing results can be regarded as specific cases of the concerned
model with some restrictions, for example, if the MTPM is limited to be time-invariant, it will degenerate into the
homogeneous case;*? when the packet-dropout problem is ignored, it turns to be the synchronous case.?*

2. The extended dissipativity filter is investigated which provides a unified framework. By selecting appropriate param-
eters, the filtering design will degenerate to H,, I, — L, dissipativity and passivity filter respectively.!>2%2* Moreover,
when designing the extended dissipativity filter, conservatism has been reduced since no special requests are imposed
on the form of time-varying MTPM.

3. It is the first attempt to consider both event-triggered scheme and dynamic quantization for MJSs. Compared with
existing results whose quantization levels condition may be unsolvable,? the proposed quantizer design method in
this paper can ensure its existence on condition that the stability criterion can be satisfied. Furthermore, with the
introduction of the free-connection weighting matrices, the solution scope of asynchronous filtering can be enlarged.

The remainder of this paper is organized as follows: Section 2 describes the FN-MJSs model and the event-triggered
asynchronous filter with dynamic quantization. In addition, some definitions of stability and extended dissipative per-
formance about the FN-MIJSs are also reviewed. Section 3 investigates the stabilization problem and the asynchronous
filter design. Simulations are presented to verify the effectiveness of the proposed filter design in Section 4. Finally, a brief
conclusion is drawn in Section 5.

Notation. The notations used in this paper are standard. R" denotes n-dimensional Euclidean space, and (Q, # , & ) is
a probability space where Q is the sample space, # is the o-algebra of subsets of the sample space and & is the probability
measure on & . || - || denotes the Euclidean norm of a vector, or the induced Euclidean norm of a matrix. E{-} denotes the
mathematical expectation. The superscript T represents the transposition of vector or matrix. The block diagonal matrix is
denoted by diag{-}. X > 0(< 0) indicates that the matrix is positive(negative) definite. N stands for the set of non-negative
integers. The set of n X n (positive definite) symmetric matrices is denoted by (S;}) S,. In addition, in symmetric block
matrices or long matrix expressions, we use * as an ellipsis for the terms that introduced by symmetry. |x| denotes the
largest integer i such that i < x. X ® Y stands for Kronecker product of matrix X and Y. He{A} is denoted by A + A™.
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FIGURE 1 Filter framework of FN-MJSs

2 | PROBLEM FORMULATION AND PRELIMINARIES

The filter framework of FN-MJSs with disturbance noise is shown in Figure 1: For the concerned FN-MJSs, the output
after triggering is firstly obtained with the event-triggered scheme applied. After triggering, the output remains a con-
tinuous value and is unable to be transmitted over network. For this reason, a dynamic quantizer is introduced. Taking
into account the existence of packet dropout, the filter can only receive partial information. In general, we focus on the
asynchronous filter design in this paper and investigate its extended dissipative performance.

2.1 | FN-MJSs model

Consider the following discrete-time FN-MIJSs on the probability space (Q, F , P ):
Plant Rule {: IF nyy is M¢q, mok iS My, ..., and ng is Mg, THEN

xtk+1)= Ag(rk)x(k) + Bg(l’k)a)(k)
Y(k) = Ce(rix(k) + D¢ (ri)w(k) €))
z(k) = L (ri)x(k) + R¢ (r)w(k)

where i € {1,2, ... ,g} is the premise variable and 5(k) = (nik, ... ,1g). And Mg, € {1,2, ... ,s} is the fuzzy set in
which s is the number of IF-THEN rules. x(k) € R": denotes the state vector, w(k) € R" denotes the disturbance noise
belonging to L]0, ), y(k) € R™ denotes the measured output and z(k) € R" is the objective signal to be estimated. r
is a non-homogeneous Markov chain defined on probability space (Q, F , &), taking values in &7 = {1,2, ... ,s;} with
time-varying MTPM I1 = [zap(k)];, xs, satisfying:

7ap(k) = Pr(riy1 = blre = a);

S
k)20, Y rap(k)=1,  abes

where 7,4(k) is the transition probability from mode a at time k to mode b at time (k + 1). And A¢(r¢), B¢ (rx), Ce(ry),
D¢(ri),Le(ry), and Rg(ry) are known matrices with appropriate dimensions. For simplification, we write
A (i), By (), Ce(ri), De (1), Le (1), R (ri) as Aga, Bea, Ceas Deas Leas Rea if 1 = a,a € 8.

Considering the FN-MIJSs (1), if r, = a,a € &1, we have the following systems in a compact form:

x(k + 1) = Apgx(k) + Bpaw(k)
Y(k) = Cpax(k) + Dpgw(k) (2
2(k) = Lpgx(k) 4+ Rpqo(k)
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T2 Mei(na)
22=1 Hig=1M§i('7ik) .
S

Ana = ) he((k)Aca, Bra = Y he(k)Bea, Cra = Y he(n(K)Cras

he(n(k)) =

=1 ¢=1 =1
Dy = Zhg("/(k))D;a,Lha = Zhg(n(k))Lga,Rha = th(n(k))Rga
=1 =1 ¢=1

where M;;(ni) is the grade of membership of #y in M¢;. hy(n(k)) is the membership function. It is easy to have that
Yioithe(n(k)) = 1and forany ¢ € {1,2, ..., s}, he(n(k)) > 0.

2.2 | Event-triggered asynchronous filter with dynamic quantization

In this subsection, the event-triggered asynchronous filter with dynamic quantization is proposed. Firstly we give the
form of the event-triggered scheme to decide instants kj.1,j € N, whose function is to transmit the measured output for
filter updating,

Kiv1 = min { Kle] (0ae, (k) > oy ()Pay(ie) | 3)

k=k;

here the triggered error e, (k) = y(k) — y(Ej), @, > 0 is a matrix to be determined and ¢ > 0 is a given constant. By intro-
ducing the event-triggered scheme, we collect data only at the sampling moment, which avoids data sampling effectively
at every moment as in time-triggered scheme.

Secondly we consider the quantization problem. Differing from the existing efforts, we use the dynamic quantization
instead of the static quantization to mitigate system performance degradation:

- k;
0, (k) £ ug <)%> “)

According to the works of Liberzon et al.>> we assume that there exist real numbers M > A > 0, such that the following

two conditions hold:
y(k) -
uq (—M’ ) - y(ky)

(ﬂ@))
pug | =L
U

where M, u and A are the dynamic quantization ranges, levels and error bounds, respectively.
According to the form of dynamic quantization (4), let y4(k;) be the signal after quantization. Then there is

if lly(epll < Mpu,  then < Au

if llykpll > My, then > (M = A)u (5)

ya(ky) = qu(ky))
where y(l_cj) is the signal to be quantized at the moment k = EJ When k = E] define the system’s quantization error as:
eu(k) = yq(k) — y(k)

Finally, due to network-induced limitations, packet dropout happens unavoidably, which means y, (Ej), the signal after
quantization, is measured intermittently. This random phenomenon can be modeled as a Bernoulli process

¥r(ky) = a yg(hy)
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with probability distribution Pr{(x— =1} = ]E{a— } = a(a € [0,1]). If the number of IF-THEN rules of the FN-MIJSs is

available to the filter, based on the non parallel dlstrlbuted compensation,?®?” we consider the following fuzzy full-order
filter:

(k + 1) = Ap(px(k) + Bu(p)yr(ky) ©
2(k) = C(pr)x(k)
Here p, € 8, = {1,2, ... ,s,} isanon-homogeneous discrete-time Markov chain which represents the stochastic switch-

ing of the filter mode, and its time-varying MTPM is described by IT = [w, " (k)]:
@l (k) = Pr(pis = nlpk =m), mne S,

such that @, (k) > 0 and Z @, (k) = 1. According to the approach proposed by Costa,?® a detector can be designed
to get the corresponding transmon probabilities @, (k).

Generally speaking, the filter mode py is dlfferent from the original mode ¢ due to the asynchronous phenomenon,
and thus w,, Tk +1 (k) is dependent on py and ry4;. To characterize the relationship between pi and ry, the following conditional
possibility is given:

Pr(ris1 = b, prs1 = nlre = a, px = m) = wh,(Wrap(k), a,b€ S1,mne S,

If px = m, similar to the original FN-MJSs (2), the asynchronous filter (6) can be represented as

{fc(k +1) = Apm(k) + Bmys (k) -

2(k) = CrmX(k)
with

T2, Qi(9w)
2, 1H jS('gik)’

Apm = Zg,w(k))Afm,thm = Zg,w(k))Bfm, Cm = Zg,w(k))cfm
j=1 j=1 j=1

gi(9(k)) =

where Q;;(9;) is the grade of membership of 9y in Qj;. g](z9(k)) is the membership function satisfying (k) = (91, ... , gi)-
Itis clear that Z _18i(9(k)) = 1land gi(d(k)) > 0,Vj € {1,2, ... ,s} which s different from the original system due to packet
dropout.

Remark 1. The event-triggered asynchronous filter given in (7) is a general one which is also suitable for many existing
scenarios. For example, by letting &', contains only one element, that is, s, = 1, the concerned filter will degenerate into a
mode-independent one where all original modes are unavailable.!” Moreover, if r, = py, then the concerned filter corre-
sponds to the synchronous filter which means no packet dropout occurs.?* Finally, for the specific case with p = ry, that
is, the original mode is available at time k but may be unavailable at time k + 1, our model will degenerate to that of Tao
etal.??

2.3 | Problem formulation

For the networked FN-MIJSs (2) with event-triggered asynchronous filter (7), we formulate the problem as follows.
Let ex(k) = x(k) — X(k), e;(k) = z(k) — 2(k), %(k) = [x"(k) ef(k)]T, then the error systems can be described as

{ x(k + 1) = Apa%(k) + Buaeo(k) + Ena(e, (kj) — (k) + e(k) ®)

ey(k) = Cna¥(k) + Dpaco(k)
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where

N

Apg = Y0 D he ()G OUNAg, Bra = ), Y he(n(k)gi(90)Byj, Cra = Y, Y e (nk)g(9()Cei,
1

N N

¢=1j= ¢=1j=1 ¢=1j=1
Dra = ), Y hen()g(9G)Dyj, B = Y gi((k)E;,
¢=1j=1 j=1

i Aca o] . B _ 0
A{j = ’BCj = ’Ej = ,
Aga — aBimCroq — Afim  Afim B¢y — aBgmDygq _anBﬁm
Cii= [Lea = Con Cpn| - D = Rear (k) = (o = @ )Byn Cuax(k) + BnDraco().

Noticing the mathematical expectation of the term e(k) is zero, that is, E{e(k)} = 0, and taking mathematical expectation
of E},,, we have

= ~ : I L 0
Bia 2 E{Bh} = D g(30)E.E = [ ]
= —aBgm

Noticing that both the filter modes and the original modes are governed by the non-homogeneous Markov chain, the
time-varying MTPMs can then be described as follows.
Denote the finite set 1= §2,USE, &= S UST, Vb € $1.n € &, with

82, 2 (blaa(k) = nay is time — invariant}, S £ {blrap(k) € [#ap, Tap) is time — varying}

P, & (nlwhu(k) = why, is time — invariant}, S £ {n|wp, (k) € (65, @, is time — varying) 9

Here [#ap, Zap ], [ oun, @,,,] are the known bounds of the time-varying terms of the MTPMs.
For notational convenience, we represent

T
(X (@, D)lvep, b,...b,) = [XT(a, by X'@by ... X", b,,)] :
[X(@ D)y 5y = diag (X(@,b1),X(a,b), ... ,.X(a,bp)},
Y @by =¥, Y 7 = iy, (@b (O lnes; = P
nesp, besk,
[”ab(k)]beo&"’; = HV, é,}l[)”n + '{D\"l,)nn = Efnn, 7\fab + ﬁab = Eab’ (10)

Before the designing of the asynchronous filter, the following two definitions are given:

Definition 1 (stochastic stability; Reference 12). Taking into account the noise-free form of the error systems (8) with
the same coefficient matrices which is described as follows:

{X(k +1) = A% (k) + Enale, (k) — e, (k) + e(k) an

e (k) = ChaX(k)

the noise-free error systems (11) are said to be stochastically stable with respect to any initial state (X(0), o, po), if the

following inequality holds:
E {Z||fc<k>||2|5c<o>, ro, Po} <o
k=0

Definition 2 (extended dissipative performance; Reference 29). For known real matrices U3 = —(1/’1+)TU'1+ <0, V>,
Us = Ul and Uy = (UH)™U; > 0 satisfying

IDrallllTall = 0,
Al + IV2IDIVLll = 0,
DpaUiDha + He {UT Dy} + U3 > 0, (12)
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the error systems (8) are said to be extended dissipative if the following inequality holds for any integer = and k €
{0,1, ... , 7} under the zero initial condition:

E { Zl(k)} =E { 2 (e () V1ez(k) + 2¢; (k) V300(k) + " (k) Usw(k)) } > sup E{el (k)Use,(k)}
k=0

k=0 0<k<t
In general, the problem investigated in this paper is given as follows:

Problem 1. Considering the networked FN-MJSs (2) with dynamic quantization and packet dropout, the goal is to
find the event-triggered asynchronous filter (7) with coefficient matrices Agn, Bm, Cpm as well as appropriate quanti-
zation levels condition u(k) such that the error systems (8) are stochastically stable with a desired extended dissipative
performance.

Namely, for the noise-free error systems (11), the following inequality holds:

E {2||5c<k>||2|5c<o>, ro,po} <o
k=0

and for the error systems (8), the following inequality holds:

E { Z (ez (l)Urez(k) + 2e; () Vr0(k) + " (k) Usw(k)) } > sup E {e; (k)Use (k) }
0<k<rt

k=0

3 | MAIN RESULTS

Taking into account Problem 1, two essential challenges are to be solved: (1) the quantization levels condition and the
sufficient conditions of stochastic stability, and (2) the asynchronous filter design with extended dissipative performance.

3.1 | Stability criterion

We firstly focus on the stochastic stability for the noise-free error systems (11) with the event-triggered scheme and the
dynamic quantization technology.

3.1.1 | Stochastic stability

A sufficient criterion of the stochastic stability is addressed by the following Lemma 1 together with the quantization
levels condition given:

Lemma 1. For given scalars quantization range M, error bound A, a positive number 6 > 0 and a constant ¢ > 0, the
noise-free error systems (11) are stochastically stable if there exist small enough scalar § > 0 and matrices P(a, m) > 0, ®, > 0
such that the following condition holds:

2<0 (13)
where
->T - ->T
S — —P(a,m) + 6Cp®,Cpq —0Cpa®, 0
= =1 =2 =
E= —|-B= * (c—-1DD,+G+1)?* 0 |+51,
* =3 M?

~T ~ ->T
ApP(a,m)  (6+1)Cha
—_ T D
2 = —EhaP(a, m) 0 >
e
EhaP(a, m) 0

1|
(1]

3 = diag{—P(a, m), -1}
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S

with E‘ha =[Che 0], P(a,m) = Z‘lenzlnab(k)wﬁm(k)P(b, n). The quantization levels condition for parameters u(k) are
given as

1 - o+1 -
ﬂlly(kj)llSu(k)sﬁlly(kj)ll, 5>0 (14)

Proof. We construct the following Lyapunov function:*°
VE(K), ne = a. pe = m) = X' (k)P(a, mX(k) (15)

For simplification, we write V(X(k), r, = a, pr = m)as V (k). Then, the forward difference operator of V(k) can be presented
as

AV (k) = V(&(k + 1), b, n|a, m) — V(k)
= %T(k + DP(a, mxk + 1) — X" (k)P(a, m)%(k)

where
Pa,m) = 3\ Y rap(k)ywp, ()P (b, n),

b=1n=1

Taking the mathematical expectation of AV(k), for the noise-free error systems (11), there is
E{AV(K)} = E{x" (k) (A'EaP(a, M)An, — P(a, m)) 2(k) + (e};(Ej) - e'yf(k)) ET P(a, B, (e,,(l_cj) - ey(k)>
+ 28700 (AnaPla i ) (4l = 6,00))
= E {&" () (k) } (16)

_ 1T
where £(k) = [SCT(k) e;(k) ez(kj)] . According to the event-triggered condition (3), for any k € [k;, ki41], we have:

p=E {GyT(k)%y(k) = 20y" (k)Dqey(k) + (o — 1)e§(k)d>aey(k)}
. T . . T T
=FE {ch(k) {a[cha 0 o] @, [Cha 0 o] —ZG[Cha 0 o] @, [0 I 0] + (o — 1)[0 I o] @, [o I O]}é(k)}
=E{"(k)E&(k)} >0 (17)

Based on the condition (5), if ||y(Ej)|| < Mu(k), the error eM(Ej) caused by quantization is bounded. Otherwise, e,,(Ej) is
unbounded since ||y(k;)|| > Mu(k). In general, e, (k;) can be presented as follows,

(6+1A
M

(6+1A
M

(6+1)A
M

lleu ()l < HmaxA = llykpll = lly(k) — ey (Il < (ley(®OIl + llylD. 6 >0 (18)

here e, (k) is the triggered error as defined in (3). Combining (2) with (18), one has

MZ

— I k) = ET(k)E,&(k) > 0 19
(5+1)2A2}}5() & (k)E(k) > (19)

£ (k) { [6,m 0 o]T [6ha 0 0] + diag {0,1,0} — diag {0, 0.
According to the matrix inequality (13) and applying Schur Complement, we can obtain
Bo+ B+ (64128, < —pI (20)
Based on the definition of negative-definite matrix,' (20) implies

E{&"(k) (Eo + E1 + (6 + 1’Es) &)} = E{&T()Ec(h) } + E{&"(E1E(R) } + (6 + D’E {£T (0Eaé(k) | < —pI
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Based on (17) and (19) where 6 > 0, together with (16), we get
E{£"(k)E(k)} = E{AV(k)} < —pI

That is
E{AV(k)} < —BE {1|£(K)|1*} (21)

Summing up both sides of (21) from 0 to oo,

E {Znak)nz(:(ox ro,po} < EVO) <o (22)
k=0

_ 1T
Noticing that &(k) = [)“CT(k) ej (k) e};(kj)] , there is

E {leé(k)llz|é(0), ro,po} >E {2||fc<k>||2|fc<o>,ro,po} (23)
k=0 k=0
Combining (23) with (22), one has

E {2||5c<k>||2|5c<o>, ro, Po} <o
k=0

According to Definition 1, the noise-free error systems (11) are stochastically stable. n

3.1.2 | Extended dissipativity

In this part, we consider the error systems (8) with disturbance noise and focus on the extended dissipative performance.
A sufficient criterion is addressed by the following theorem:

Theorem 1. For given matrices U1, U, U3, Uy satisfying Definition 2, scalars quantization range M, error bound A, a
positive number § > 0 and a constant o > 0, the error systems (8) are extended dissipative if there exist small enough scalar
f > 0 and matrices P(a, m) > 0, ®, > 0 such that the following conditions hold:

E<0 (24)
A<0 (25)
where
A A ~T
A& _ =1 =) A= —P(a, m) Cha(U4+)T
*k .é3 ’ * —I |
r ST N ->T ~T
—P(a,m) + 6Cp®,Cpq —06Cpa®, 0 —Cp U
. — DD, + (6 + 1) 0 —oDT @
& = * (c )P, +( ) o (o ha 2@ " ﬂ],
%k % —?I 0
I % * x  —He(Dp Uz} — Us + 6D ®uDpa
[ T = >T  ~T
ApgPla,m) (6 +1)Chq Cha(U1+)T
. —ET P(a,m 0 0 . .
g, = | D (@M &, = diag{~P(a, m), ~I, -T)
EZaP(a, m) 0 0
=T = =T
| BuaP(@.m) 6+ 1Dy, Dyp(UHT
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with éha =[Cha 0],P(a,m) = ZLIfozlzrab(k)wfnn(k)P(b, n) and the quantization levels condition given in (14).

Proof. The Lyapunov function is defined in (15). Firstly we define the vector ET(k) = [;NCT(k) e;(k) eE(Ej) a)T(k)].
Based on the Definition 2, there is

E{AV(k) = e; () Vie;(k) - 2¢; () V0(k) — 0" () V30(k)}
~EE O(An B B Bu| P@m [ B Bu B -1 0 0 o] P@m|r o o o
- [Cha 00 f)ha]TUl [C,,a 00 f)ha] —z[éha 00 Dha]Tvz [0 0 0 I]
—[0 0 0 I]Tw [o 0 0 I]}E(k)}
= E{& (0EeE0 | 26)

The event-triggered condition for the error systems (8) with noise is different from the noise-free error systems (11),
therefore, we have

@ 2 E {oy" ()@ (k) — 20y" (K)Daey (k) + (o — Dey (K)Daey (k)
=E{ET(k){a[éha 0 0 Dha]cha [@,a 00 Dha]—ZG[E'ha 0 0 Dha]cha [o I 0 o]
+(6—1)[O I 0 o]cha[o I o o]}E(k)}

-E {ET(k)EE(k)} >0 27)

For the error systems (8), according to (18), the inequality (19) can be rewritten as

ET(k){[E* 00D ]T [6 0 0 D ] + diag {0,1,0,0) —diag{O 0.—M o}}E(k) — F (052 > 0
ha ha ha ha s 4y Vs > 7(5+1)2A2’ 2 =
(28)
According to the condition (24), and using the Schur Complement, one has
Bo4E1 + (8 + 1%, < —pI (29)
Considering (26)—(29), similarly, E{ET(k)EOE(k)} < —pI is obtained. Recalling (26), we get
E {e; ()V1e,(k) + 2¢; () Vrw(k) + o' () V30(k) } > E{AV(k)} (30)

Under zero initial condition V(0) = 0, we sum up both sides of inequality (30) from 0 to z. Considering P(a, m) > 0, we
have

k=0

E {Z (ez (l)Urey(k) + 2e; () Vsro(k) + " (k) Uso(k)) } >E{V(z+1}>0 (31)

1) If U, is a zero matrix, for any integer k satisfying 0 < k < 7, we have
E{V(+1} 2 E{e;(k)Vse;(k)} =0

Together with (31), we have

E { Z](k)} =E { (ez (k) Viez(k) + 2¢; (k) Vzo0(k) + " () Us(k)) } > sup E {e] (k)Use (k) }
k=0

k=0 0<k<t
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2) If U, is not a zero matrix, there always exists an integer k,,, (0 < k,,, < 7) such that the following condition is satisfied

E {ez(km)Viec(km)} = sup E {e; () Vse (k) }
0<k<t

By Definition 2, we yield that Dy, U3 and U5 are zero matrix. According to (12), U3 > 0. Then we obtain e, (k) = CpoX(k).
Furthermore, based on the condition (25), we have

ChaVsCha — P(a, m) < 0.
It derives that the following inequality holds

E(Vikn)}) = E A& o) P(@, %K) } > E { £ ) CraVaCha¥ o) | = E (el Gem)Vieelhn) } (32)

When k,, = 0, under zero initial condition, (32) yields

E {e] (kn)Use(km)} < E{V(0)} = 0.
By (31), we have

E { Y (e lUie(k) + 2¢; () Vz0(k) + o' () U30(k)) } > sup E {e; (k)Use,(k)}

k=0 0<k<t

When 0 < k,, < 7, U3 > 0, U7 and U5 are zero matrix, one has

T kn,—1
E {Z (ez () Viez(k) + 2¢; (k) V300(k) + " () U30(k)) } >E { Y (Ve k) +2¢; () Vr0(k) + 0" () Vseo(k)) }

k=0 k=0

Considering (30), we sum up both sides of inequality (30) from 0 to k,, — 1 which yields

k,—1
E { > (XtoUiek) + 26 () V30(k) + o' () U30(k)) } > E{(V(kn))

k=0

According to the above two inequalities, one has

E { Zj(k)} =E { Y (e (Uie(k) + 2¢; (k) Vz0(k) + 0" () Usa(k)) } > sup E {e] (k)Use,(k)}
k=0

k=0 0<k<t

To summarize, according to Definition 2, the error systems (8) are extended dissipative.
The proof is completed. u

Remark 2. In the past efforts,?* the quantization levels condition is given in the form of ﬁ ||y(Ej)|| < ulk) < 2;1||y(Ej)||,

which may be unsolvable when 25 < ﬁ In this paper, the dynamic quantizer is modified as Equation (14) which always
exists on condition that the error systems satisfy Theorem 1. Nevertheless, the dynamic quantization levels have direct
effect on the error systems performance. When the quantization levels are low, the performance degradation will be small
at the cost that the amount of data to be transmitted will be large relatively. On the contrary, the amount of data to be
transmitted will be small if the quantization levels are high, which leads to a large degradation of system performance.
Therefore, appropriate quantization levels should be selected to balance the trade-off between performance degradation
and the amount of data to be transmitted.

3.2 | Asynchronous filter design with the extended dissipative performance

Although a sufficient condition has been derived by Theorem 1 which ensures the stability and the desired extended dis-
sipative performance, it is difficult to be used for filter design directly due to the time-varying MTPM and the membership
function. In this subsection we focus on designing an asynchronous filter in the form of (7).

First of all, the following lemma is given, which is essential for further derivation.
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Lemma 2. For given membership functions satisfying gj(9(k)) — L;h;(9(k)) > 0,(0 < [; < 1) and matrices E;; € R™", Fy; €
RPX4, if there exist symmetric matrices Ggl, € RW”,GE € RPX4 such that the following conditions hold for each {,j €
{1,2, ... ,s}:
E;-G; <0
le§j - l]Gé + Gglv <0
ng - G? <0
lngj - l]Gg + Gé <0 (33)

then 3., Z;zlhg(n(k))gj(S(k))Eg <0and y;_ Z;zlhg(n(k))gj(Q(k))F;j < 0 hold for all admissible grades of h, g.

Proof. Similar to Kim et al.?’ slack symmetric matrices G, Gé are introduced. For k € N, there always exist

DY (i) [Ri(9K) - g(9G0)] G = Y he(n)GE | Y hi(90G0) = Y gi(9(k))

=1j=1 =1 j=1 =1

= Y he(n()[1-1]1G}

¢=1
=0 (34)
B ko)) [hi(9) — gi(9(k)] G2 = Y he(n(k)) [1 - 11 G2
{=1j=1 (=1
=0 (35)

Then considering the forms that

N

D he(n(k)gi(9(k)E; (36)

¢=1j=1
Combining (34) with (36), we have
D) he(n)g(IKNE; = D he(n(k) [8j(19(k))Egj + (hi(9(k)) — g(8(k))) G;]

{=1j=1 ¢=1j=1
N N

= 2 Y hen®)) | (9GO GE — G + GE) + @(9(k) — BN Eg; — G|
Z=1j=1

As membership functions satisfy gi(9(k)) — Lih;j(9(k)) > 0,(0 < [; < 1) and (33), we get

N N

D e (n(k))gi(9(k)Ey; < 0.
t=1j=1
Similarly, we get
D D he(n()g(I(k)Fy; < 0.
¢=1j=1
This completes the proof. m

Noticing that Theorem 1 contains time-varying parameters and the membership function, it is difficult to get the fil-
tering gain. For this reason, Theorem 2 is given which is independent of the membership function. Meanwhile, condition
(24) is split into time-varying parts and time-invariant parts such that the asynchronous filter design can be completed.
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Theorem 2. For given matrices U1, U>, U3, Uy satisfying Definition 2, a constant ¢ > 0, a positive number 5 > 0, scalars
quantization range M, error bound A and the membership functions satisfying g;(9(k)) — Lih;(9(k)) > 0, where0 < |; < 1, the
error systems (8) are stochastically stable with a desired extended dissipative performance if there exist small enough scalar
p > 0, matrices P(a,m) > 0, ®, > 0, Apjm, Brjm, Crjm, invertible matrices W.lm , Wﬁn me , and symmetric matrices r, Fg such

that the following conditions hold foreach {,j € {1,2, ... ,s},a € {1,2, ... ,s1}and m € {1,2, ... ,s,}:

Aé’j - Fé <0
lj/\,:j - ljl“é + Fé <0

YTP(a, m)Y + Qc(a, m) — Iz <o
L(Y"P(a, m)Y + Qgi(a.m) = T2 +T2 <0

where
_ R
Qg(a, m) = — 1, Ql
%k Q3
->T - -T C'F T
—P(a,m) + 6C¢®,C¢q —0Crq®q 0 —(Cy) U3
_ * (6 = 1Dy + (6 + 1)1 0 —O'Dgad)a I
= M2 ’
* * —?I 0
* . ¥ —He[DGU3) —Us + oD}, ®aDeq
— ->T ~F
Q1 (+DCq (CHTWHT
_ -Q 0 0 — —Pla,m) (Ce)™(UHT
Q,= _2,2 ,93=diag{—W/jm—W/j£1,—I,—I},ch= ( ) (C( 4) ’
Q) 0 0 ” -1
= =T
Qs G+ 1)D§a DyuH*
1 2 o T
w. Ww: — Q Apr; —
Wi = l m 12'“] Q) = l_ﬁ’l F’m] Q= |-aBL, —aB;jm] Y= [0 000710 o] :
jm u/jm Q) Aij
0. . — |RT 1 2 \T T RT T 3 2\T T pT oY —
Qs = |BLOV., + W2 )T oDl B, BLOV +W2)T — Dl BY, | €5 = [Lea— Co Ci

—1 —2
Qz,l = (W/ﬁ'n + u/;z )Aé’a - aBijCCa _Aijs Q1= (W/f;’n + I’V}z )cha - OfBijcga _Aij,

m m

(37

(38)

with E'ca =[Czq O], P(a,m) = 51 ZSZ zap(k)@?, (k)P(b, n) , and the quantization levels condition is the same as (14).

b=14n=1
The gain matrices of the asynchronous filter are given by

Afjm = (u/ﬁn)_lAij, ijm = (u/ﬁﬂ)_lBij, ijm = Cij-

Proof. Define invertible matrices W, as follows

N
W= ) g(00) Wi,
j=1
—1 —2
Substituting the gain matrices (39) into ,; and €, ;, there is
—1
92’1 = (u/jlm + u/ﬁn)Aga - OWV}ZmBﬁnga - "V]ZmAﬁm,
—2
Q1 = (W, + W} DA — aWp, BynCea = W, Agim,

m

Then, noticing Apjm = szmAﬁm and the form of A; and Wjy,, there is

= ~T
Gy = ALW),

(39)
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Rewrite 52,2, 52,3 and C’Z as follows

J— _ — ~ ~F ~

Qu=EW,,. Qu=ByW,. C5=Cq (40)

Given that P(a, m) > 0, for W,,, = Z;zlgj(Q(k))ij, we have
(Wi — P(a,m)) P~ (@, m)(Wy, — P(a,m))" >0

Then there is

Pa,m) — Wy, = W2 > ~Wp, P (@, myWD (41)
According to (40) and (41), one has
N N _
DY he (kg9 <YTP(a, myY +Qga, m)) > =
¢=1j=1
where
- >T ~T
AnaWE 6+ 1DCha  CraU;HT
M 1 —ET w? 0 0 . .
= 1 V2 ,31231,52: _ ha ™" M ,E3zdiag{—WmP 1(a,m)W;,5,_I,—I}
*  H3 E; Wy, 0 0

=T ~T
By Wy 6+ 1D, Dy (UHT

in which &, is defined in (24). Since the membership functions satisfy gi(3(k)) — Lih;(8(k)) > 0,(0 < [; < 1), applying
Lemma 2 for (37) and (38), it holds that

N N

3 S he (kg ONAG = A < 0

=1j=1

2< Y hen(ng(9k) (YTP(a, myY + Q. m)) <0
{=1j=1

Then (25) is satisfied.
Multiplying 2 by W, and W,Tn on the left-hand side and right-hand side, respectively, where W,, =
diag(I,1,1,1, P(a, m)W;, 1,1}, since = < 0, it yields that

T
W =

<

[1]
[1»

W <0
Then (24) is satisfied.

Since both (24) and (25) are satisfied, according to Theorem 1, the error systems (8) are extended dissipative. Mean-
while, (24) is the sufficient condition for (13) because of the properties of negative definite matrix.>! Therefore, the
noise-free error systems (11) are stochastically stable. To summarize, the error systems (8) are stochastically stable with
a desired extended dissipative performance.

This completes the proof. [

Remark 3. To the best of our knowledge, most existing achievements require that the premise variables of FN-MJSs are
available to the filter.>>* However, the asynchronous filter (7) may have difficulties in obtaining the perfect matched
premise variables from the FN-MJSs (1) due to the package dropout. In this paper, we take into account a more general
scenario that the premise variables of FN-MIJSs #(k) are unavailable to the asynchronous filter, which makes our filter
design more feasible. In Theorem 2, the membership functions satisfy gj(9(k)) — [jh;(8(k)) > 0, with 0 < I; < 1. It is easy
to see that such [; is sure to exist on the basis that the growth rate of the membership function is less than or equal to the
linear growth rate.
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Theorem 2 still includes the time-varying MTPM, which means we have to solve infinite linear matrix inequalities to
obtain the filter gain. To deal with this, the following theorem proposes a sufficient condition for the existence of the asyn-
chronous filter with the prescribed extended dissipative performance. The conditions in this theorem are time-invariant
such that the linear matrix inequalities are solvable.

Theorem 3. For given matrices U1, U3, U3, Uy satisfying Definition 2, scalars quantization range M, error bound A, a
positive number 6 > 0, a constant ¢ > 0 and the membership functions satisfying gi(9(k)) — ihj(8(k)) > 0, where 0 < [; <1,
the error systems (8) are stochastically stable with a desired extended dissipative performance, if there exist small enough

—1 —2 —4 —
. . . . 1 2 3
scalar f > 0, matrices P(a,m) > 0, @, > 0, ¢y, < 0, @gpy < 0, Gy P> AFjms BEjm»> Crjm, invertible matrices ij, ij, ij,

and symmetric matrices rk, Fé such that the following conditions hold for each ¢,j € {1,2, ... ,s},a € {1,2, ... ,s1} and
me{l,?2,...,s}:

Yéj +Y<0 (42)
YL +4Y <0 (43)
1
Aej = 1;4 < ? (44)
legj — ljFC +FC <0
where
o |fa@m-Tero 5@yl m ~T2)+ g1 0
YC] | ,Yg = | )
0 1 0 0 1 0
Y =1+ da + 3 + pa + ¢, b, = P(b, n),
Zoes, Znesy Omn@maY Heldy, VY, + o« *
I
é 0 : 0 * *
1= b ’
b 71 I 71 D
[[ - wm"d)bmnY] neé’;’]beéwb | 0 [[He{d)bmn}]nec?’;]besb *
_ I - D
et B Y ] 0 0 [ He (! ]
i [[ wmn(’bbmn ]neé’v bes?, | [ e{(’bbmn}]neé’v bes?, |
Loess T Heldg )Yy o+
I
—_ _2 Y I H _2 D
¢ = [ - Zarl, ]be&"; a e{d)ab}]beé’vb R P
0 : 0 0 =
0 0 0 0
Zoest, Tnesy, Tt Yk *
I
b
wmn 3 I
b = [Zneé"“, 22 PonY lpest | 0 oE
| 173
0 | [[2¢bn]nec5’§]b€s‘tly 0
3 Y ] ' 0 0 0
| [[ 2 ¢bn ]ne&v be&ﬁ, | i
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Loesy man(Pw —DYTHeld) Yy« x o
I
- I

bs = [P - Dd’imY] besp [ 0 o

4 = | _ D ’
0 [ ] 0
: [¢bm]nesv be§3 *
MYy n] 0 0 0
[[ﬂab(ﬁbm ]neé’v be&g/ I i

[ YTHe{(Iy — D@ }Y, * * =

|

75 [
0 I 0 =

[
0 0 O

with E‘ga = [Cza O] Dynamic quantization levels u(k) are the same as (14). ¥y, Iy, Efnn and 7qp are defined in (10). Y,

A¢j, Qcj(a, m) and the gain matrices of the asynchronous filter are defined in Theorem 2.

Proof. Define © as the follows,
© 2 Y"Pa,mY = Y'Y zap(K)wh, (k)Y P(b, n)Y

b=1n=1

—3
Then, we define ¢311 = Yycsr Dncsr TonmapY 'y, Y. Considering whether the transition probabilities in MTPM are
1’ 1’

time varying, we have

0= X Thu@maY Y + Y, X whamas)Y Gy ¥

besh nesy beshnesy,
b T3
+ 3 Y @0z ()Y dy Y + 3
beSEneS)

Since w?,, (k) and 74 (k) are scalars, we change their positions in the equation and get

1 =3 1 4, =3
O = He{ >y DY b b + IRENGaD S nnbonY

besyneSy best nest,
b p123
+ Z anmn(k)Y Ed)bn”ab(k)y} +¢sn
beé’{j"esv

Motivated by the method of Kim et al.'> by the form of Kronecker product, ® can be rewritten as

1 =3 1 —3
0= He{ 2 ¥y @ YI'L mandynYInesy + My @ YI'L Y ~wnbonYlpes
be&g, nGSﬂ
1-3

+ Z [Py ® Y]T[E(ﬁbn]ne&; [ﬂab(k)Y]} + ¢

bes)
Furthermore, we consider the other summation term of ®, we have

0= Hed ¥y ® YT, (12 madpYlnesploess, + My @ YI'[ Y Leorb ¥

= HeJ [Py vest > TabPonY Inesylhest, % > @mnPon

nes’
w best

1-3
¥y @ YT (5 Bmbnes g, Ty ® Y1} + ba

(45)
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WILEY
Let ¢ be of the following form:
o=|l ey Mvevl_, Moy ] (46)
then combining (45) with (46), we have
©=0'¢s0 47)

—1 —2
In addition, since He{¢y,,,} < 0and He{¢,,} < 0, based on the MTPM’s boundary (9), we have the following inequalities:

S Y @ha) — ) (@hinlle) — )Y THe By} Y > O (48)
bes nesy
Y (rao(k) = ) map(k) = Zap) Y He{ oy }Y > 0 (49)
bes}
Similarly, (48), (49) yields
0'd10>0,  0'0>0 (50)

Considering the condition ij:lw,:‘;:; (k) =1, one has

Y wha—1[+ D whak) = (¥ D+ Y whak) =0,

n n n
neS neSy; nesy

where ¥y is defined in (10). Furthermore, we can rewrite it as

0= Y mao| (¥~ D+ Y @) | Y He G} Y + Y 700 (Frv ~ D+ Y whiak) | Y He B} Y

besy, nesy bes? nes

= 3 ras¥w — DY He(Gpn)Y + Hed Y Y whu()Y Ty Y

besh, beshnesy
T -4 b T4
+Heq Y 7)Y (¥ = Dy Y ¢+ Hes D' Y zap(Q@pu(0Y by Y (51)
best besbnesy

Combining (51) with (46), we have

0'hs0=0 (52)
By the similar process, bearing in mind that Zsblzlrrab(k) =1, there is
0'ps0=0 (53)

Combining (47), (50), (52) with (53), one has
O (pr+ b2+ ds+dat+ds)o=0Yo> 0 30=0

Considering the form of ¢ and 0, according to condition (42) and (43), we deduce that

0> 0" (Y} + o >0+ Qgi(a,m) — I} =Y"P(a,m)Y + Q;i(a, m) — I

0> 0"(Y% + V)0 > 11 + [(Qga.m) ~T2) +T2 = (YTP(a, myY + Q(a, m)) — I+ 1
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Then (38) is satisfied. Meanwhile, (44) is the same as (37) in Theorem 2. According to Theorem 2, the error systems (8)
are stochastically stable with a desired extended dissipative performance.
This completes the proof. u

Remark 4. Theorem 3 presents the asynchronous filter design for the networked FN-MJSs such that the extended
dissipative performance can be satisfied. And this performance provides more flexibility with specific performance param-
eters U1, U5, U3 and U taken, which covers the H,, performance, I, — I, performance, passivity and dissipativity. To be
specific, by setting U7 = —I, U5 = 0, U3 = y2I and U} = 0, Theorem 3 turns into H,, filtering case, which has been stud-
ied in Hua et al.>* The strict (Q, S, R)-dissipativity filtering can be obtained if one choose V1 = Q, V5 =S, Us =R —yI
and Uy = 0, which covers the existing results of Kim et al.!> Meanwhile, the non-homogeneous filtering considered in
this paper is a more general situation. When the MTPM of MJSs (1) is time-invariant, Theorem 3 turns into the results in
Tao et al.??

4 | SIMULATION

In this section, a practical example is presented to demonstrate the effectiveness of the proposed event-triggered
asynchronous filter design with dynamic quantization for the networked FN-MJSs.
Considering a tunnel diode circuit shown in Figure 2, it fuzzy model is given by Ding et al.>* as

ip(t) = 0.002Vp(t) + 0.01V;(t)

where x,(f) 2 Ve(t), x2(t) £ ir(t). The tunnel diode circuit can be described by the following equations:
Cxy () = —0.002x; (£) — 001 (£) + x(f)
Lxy(t) = —x1(8) — Rxo () + (2)
() = x1(t)
zZ(t) = x1(t) + 0.1(2)

The parameters in the circuit are chosen as: the resistance R = 1Q, the capacitance C = 20 mF and the inductance L = 1
H. By the Euler’s discretization method, the aforementioned equations can be rewritten as:

Xk + 1) = x1 (k) + T(=0.5x3(k) — 0.1x; (k) + 50x,(k))
Xk + 1) = x2(k) + T(=x1(k) — x2(k) + (k)

(k) = x1(k)

2(k) = x1(k) + 0.1w(k)

where T is the sampling time. Similarity, the fuzzy modeling of the other mode are the same as Assawinchaichote et al.?
Using a sampling time T = 0.02s, the discrete-time T-S fuzzy model is obtained as:

FIGURE 2 Tunnel diode circuit
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Plant Rule ¢: IF x; (k) is h¢(x;(k)), THEN

x(k + 1) = Aggx(k) + Beaoo(k)
(k) = Ceox(k)
z2(k) = LgaX(k) + Rgaw(k)

where the parameters are given as: for all {,a,

A [ 0.9987  0.9024 0.998 1 0.90337 0.8617
11 = 9 = 9 = b
| —0.0180 0.8100 —-0.02 0.98 —0.0172 0.8103

-0.908 1 0.0093 0 0.0091
Ap = ,Bii = ,Biy = ,Boy = ,
_—0.02 0.98 0.0181 0.02 0.0181

0
By, = ,Cea = [1 0] JLea = [1 0] ,Rea = 0.1,
0.02

The membership functions of the FN-MJSs are given as:

1 1
hiGa k) = <1 1+ e—3(x1(k)—0.5n)> (1 + o305 (k)+0.5ﬂ)>

hy (1 (k) =1 = hy(x(k))

And the membership functions of the filter are chosen as:

-%2(k)

g&i(k) = 0997,  gEik) =1—giGi(k)

According to gj(X:1(k)) — ljh;(%1(k)) > 0, we can get[; = 0.8,1, = 0.95. Here we assume the time-varying MTPM:s are totally
unknown whose bounds are given by:

. 0.5 0.2 0.8 0.5 1 0.6 0.3
ﬂab = ,ﬂ'ab = awmn = ’
04 0.3 0.7 0.6 0.6 0.3
~1 0.7 04 L2 0 038 ~2 02 1
Wmnn = s Wmn = s Wiyn = s
0.7 04 0 0.8 02 1

Let the initial system state be x(0) = [-2.5 1] " while the initial state of the filter is £(0) = [0 0] " The expectation of

a; canbeselected as E{a; } = 0.8. And the disturbance noise is borrowed from Liu etal.,? thatis, w(k) = sin(k)e . Now

J 7
taking into account the design of the event-triggered asynchronous filter with dynamic quantization, the event-triggered
scheme parameter is set as ¢ = 0.1. And motivated by Liu et al.,*® the dynamic quantizer is chosen as

_ | 100usgnyi)).  ifllykpll > 100u
ul=-+01], if lly(kpIl < 100u

where the quantization ranges are defined as M = 100, the error bounds are given as A = 0.1. According to Lemma 1,
the quantization levels parameter is § = 0.0514. From (14), we obtain the quantization levels condition:

1% 1072yl < pk) < 1.0514 x 1072||y(k||

Without loss of generality, we choose (k) = 1.0514 x 1072 ||y(Ej)||.
In this paper, two classical performance are investigated: H,, performance and [, — I, performance which are included
in the extended dissipative performance.

85U8017 SUOWIWIOD 3AIERID 3|qelidde aup Aq paueAob afe SSPIe VO ‘SN J0 S3INJ 104 AReIq 1T BUIIUO AB|IM UO (SUORIPUCD-PUR-SLLBI LD A8 | IR 1[eu U0//Sa1Y) SUORIPUOD PLe SLLB L 3Y} 83S *[€202/€0/0T] U0 ARiqiT auljuO A8|IM ‘80UB10S JO AISRRAIUN A TSSE'SIR/Z00T OT/I0P/W0D A8 | 1M Areq 1 BUI|UO//SANY WO PaPRO|UMOQ ‘€ ‘€202 ‘STTTE60T



830 Wl LEY ZHU ET AL.
41 | Casel: H, performance

Firstly we define the extended dissipative performance parameters as U, = —I, V> = 0, U3 = y2I, U, = 0, and this cor-
responds to the H,, performance. According to Theorem 3, we can obtain the H,, filter gains and the event-triggered
parameters:

-—0.1171 1.2549 —0.0985 1.1263 —-0.1171 1.2549 —0.0985 1.1279
A = ,Af12 = JAf = JAfn = ,

| —0.1460 0.9811 —0.1422 0.9631 —0.1460 0.9811 —0.1422 0.9631

[2.4242 2.3750 2.4242 2.3750
B = ,Br1z = ,Bpa1 = ,Bry = ,®1 = 4.3488, ®, = 4.3227,
0.2855 0.2746 0.2855 0.2746

Cr11 = |0.5087 0.0686] ,Cr12 = [0.5008 0.2519] ,Cp = [0.5087 0.0686] ,Cran = [0.5008 0.2519] )

The optimal noise attenuation performance is y* = 2.0386. Consequently, we can have a conclusion that the error
systems (8) are stochastically stable with prescribed H,, noise attenuation performance y* = 2.0386.

With the above parameters, the Monte Carlo simulation is performed and we run this simulation 100,000 times to
account for the average H,, performance under dropouts. Figure 3 depicts the systems and filter mode, which shows
that the filter mode is asynchronous with the original one. Figure 4 displays the objective signal and average estimated
signal(100,000 times) with dynamic quantization where the red dotted line and blue line denote the z(k) and E{2(k)}
respectively. Here the pink area represents the location of all 100,000 estimated signals. Figure 5 shows the error response
where blue line denotes [E{e,(k)} and the pink area represents the location of all 100,000 error responses. One sample of the
release interval shown in Figure 6 implies that the event-triggered scheme is effective to reduce the sampling frequency.
The dynamic quantization levels shown in Figure 7 are time-varying and get small gradually to mitigate performance
degradation.

4.2 | Casell:l; — 1, performance

Here we choose the extended dissipative performance parameters as V7 =0, U3 = 0, U3 = I, R, =0, Uy =1 and this
corresponds to the I, — [, performance. According to Theorem 3, we can obtain [, — I, filter gains and the event-triggered
parameters:

-—0.0508 1.2668 —0.0193 1.1543 —0.0508 1.2667 —0.0193 1.1542
Am = ,Af12 = JAf = VA = ,

| —0.1452 0.9860 —0.1391 0.9659 —0.1452 0.9860 —0.1391 0.9659

-2.2396 2.1625 2.2396 2.1625
By = ,Bro = ,Bpy = ,Bfap = ,®1 =3.2709, d, = 3.2626,
0.2787 0.2631 0.2787 0.2631

Cr11 = |0.1421 —0.8163] ,Cr12 = [0.1425 —0.8205] ,Cpn = [0.1419 —0.8158] »Craz = [0.1422 —0.8191] )

2.5+

plant mode
= b
T T

o
o

2.5+

filter mode
= @
T T
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FIGURE 3 The evolution of systems and filter mode of H,, performance
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FIGURE 4 The estimation signal of systems and filter of H,, performance
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FIGURE 5 Error response of H,, performance
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FIGURE 6 Onesample of release interval and instants of H,, performance

The optimal [, — [, noise attenuation performance y* = 1.9552. Consequently, the error systems (8) under quantization
levels condition are stochastically stable with an I, — I, disturbance attenuation performance.

Similarly, the Monte Carlo simulation is performed and we run this simulation 100,000 times to account for the average
I, — l, performance under dropouts. Figure 8 depicts the systems and filter mode. Figure 9 displays z(k) (red dotted line)
and [£{2(k)} (blue line) with dynamic quantization where the pink area represents the location of all 100,000 estimated
signals. Figure 10 shows E{e,(k)} where the pink area represents the location of all 100,000 error responses. The release
interval is shown in Figure 11 and the quantization levels are displayed in Figure 12. Differing from the static quantization
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FIGURE 10 Error response of [, — [, performance
8
7 ® 4
6l J
Ssp (o) B
2
E
@ 4T 1
w
[+
)
o3 ]
sl J
1 W 7
0d ‘ ‘ ‘
0 10 20 30 40 50 60 70 80 90 100
k/sec

FIGURE 11 One sample of release interval and instants of [, — [, performance
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FIGURE 12 Quantization levels of [, — I, performance

levels, the quantization levels adopted in this paper change adaptively based on the signal to be quantized for mitigating
performance degradation.

From the case I and case II, we can summarize that the extended dissipative performance of the networked FN-MJSs
can be guaranteed by the event-triggered asynchronous filter with dynamic quantization.

5 | CONCLUSION

In this paper, the event-triggered asynchronous filtering for the networked FN-MIJSs with dynamic quantization
is studied. Within the general framework of extended dissipativity, an asynchronous filter is designed where the
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834 Wl LEY ZHU ET AL.

event-triggered scheme and the dynamic quantization technology is adopted to alleviate packet dropout. Based on the
fuzzy-rule-independent Lyapunov function, sufficient conditions are given such that the error systems under quantization
levels condition are stochastically stable with desired extended dissipative performance. Furthermore, the asynchronous
filter is designed which is given in the form of linear matrix inequalities where the free-connection weighting matrices are
utilized to deal with the time-varying MTPMs. Simulations are presented to examine the effectiveness of the asynchronous
filter design where classical H,, performance and I, — I, performance are investigated.
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