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Abstract In the present study, the finite-time asynchronous dissipative filter design problem for the Markov
jump systems with conic-type nonlinearity is studied. The hidden Markov model can describe the asyn-
chronism embodied in the system modes and the filter modes reasonably. Moreover, a suitable Lyapunov-
Krasovskii function is utilized and linear matrix inequalities are applied to obtain adequate conditions. These
techniques guarantee the finite-time boundedness and strict dissipativity of the filtering error dynamic sys-
tem. Furthermore, the design problems of the passive filter and the Hoo filter are studied by adjusting
the three parameters U, G and V. Finally, the filter gains and the optimal index a* are obtained and the
correctness and feasibility of the designed approach are verified by a simulation example.

Keywords dissipative filtering, hidden Markov model, finite-time boundedness, Markov jump systems,
conic-type nonlinearity

Citation Zhang X, He S P, Stojanovic V, et al. Finite-time asynchronous dissipative filtering of conic-type
nonlinear Markov jump systems. Sci China Inf Sci, 2021, 64(5): 152206, https://doi.org/10.1007/s11432-020-2913-x

1 Introduction

In the past few decades, Markov jump systems (MJSs) have attracted attention of many researchers [1-11].
Studies show that as a special stochastic hybrid system with specific forms of modes and states, MJSs can
provide appropriate models for diverse applications. Accordingly, these systems have been widely applied
in many areas, including the intelligent control [12], financial field [13], and flight control systems [14]. In
real applications, the modes of MJSs jump with a transfer probability so that it is an enormous challenge
to guarantee the synchronization between the system and the controller. In order to prevent this problem,
the hidden Markov model (HMM) is normally applied in a nonsynchronous phenomenon with the known
mode-dependent conditional probability different from the transition probability of systems [1,15,16].
Researchers [17-19] designed the asynchronous controllers with the HMM with H,, control, passive
control and robust filtering considerations. The conic-type nonlinearity is a special type of nonlinear
dynamics on a hypersphere, where the center and radius of the hypersphere are described by two linear
systems. In the practical engineering, the conic-type nonlinearity is widely applied in different applications
such as the stability analysis for a class of time-delayed MJSs [20], observer design for hidden MJSs [21],
and sliding mode control problems [22]. It is worth noting that comprehensive investigations have been
conducted so far on the conic-type nonlinear systems [23-25].

Reviewing the literature indicates that scholars have conducted numerous investigations about the
filtering problems. More specifically, Kalman [26] first proposed the famous Kalman filtering theory in
the 1960s. He [27] investigated the finite-time Lo-L o filtering for T-S fuzzy jumping systems. Moreover,
Yin et al. [28] designed the fuzzy model-based robust filter. Consequently, Hua et al. [29] designed the
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Table 1 Nomenclature table

Notation Description
E{} The mathematical expectation operator
€max(U) The maximum eigenvalue of U
€min(U) The minimum eigenvalue of U
R™ n-dimensional Euclidean space
R™X™ n X m real matrix
diag{A B} Block-diagonal matrix of A and B
I Unit matrix
At Matrix inverse
AT Matrix transpose
* Symmetric matrix
Her(A) The sum of A and transposition of A

H, filtering scheme for nonlinear Markovian jump systems. However, it is worth noting that the system
modes and the filter modes are always asynchronous in real applications. Combining the HMM with
the filter, the asynchronous filtering scheme can be used for real problems. For example, Wu et al. [30]
designed an HMM-based Lo-Lo, filter. Moreover, Zhang et al. [31] designed the H., filter for jumping
neural networks with the HMM.

On the other hand, the dissipativity [32] is a research hot point based on the input-output energy
consideration, which includes many basic theories such as the circle criterion, Kalman-Yakubovich lemma,
and passivity theorem. Studies show that the ability of a dissipative system to absorb the energy from
the external environment is greater than its ability to supply such energy. Hill and Moylan [33] proved
the stability problem for nonlinear dissipative and passive systems. Moreover, Wu et al. [34] and Dong
et al. [35] designed the asynchronous dissipative controller for fuzzy MJSs. Liu et al. [36] achieved
the mean-square asymptotic stability and strict dissipativity of MJSs by designing an asynchronous
output feedback controller. Moreover, Feng and Lam [37] proposed a robust reliable dissipative filter for
discrete delay singular systems. Dai et al. [38] considered the HMM-based dissipative filtering scheme for
discrete-time Markov jumping systems. Studies show that applying the asynchronous dissipative filter
design problem has gained remarkable achievements [39-41]. However, the dissipative filtering for MJSs
with conic-type nonlinearity based on the HMM has not been investigated comprehensively. In order to
resolve this shortcoming, it is intended to study this topic in the present study. To this end, a dissipative
filter is designed for MJSs with conic-type nonlinearity based on the HMM. Moreover, the finite-time
boundedness and strict dissipativity will be investigated by the Lyapunov function approach. The main
contributions of the present study are as follows.

(1) For MJSs with conic-type nonlinearity, a finite-time dissipative filter is designed, which combines
an HMM and a mode-dependent conditional probability matrix.

(2) Reasonable conditions are obtained through an appropriate Lyapunov function, which can prove
the finite-time boundedness and strict dissipativity of the MJSs with conic-type nonlinearity.

(3) The filter gains and the optimal dissipative index a* are obtained by solving a set of linear matrix
inequalities (LMIs).

(4) By adjusting the U, G and V, the passive filtering, H filtering and the relevant optimal index «*
are obtained, respectively.

Table 1 presents the notations used in this study.

2 Preliminaries

Consider a probability space (2, F,P,.). {r:,t > 0} is a random process, which presents the continuous-
time discrete-state Markov stochastic process. Its value is in a finite range of £ = {1,2,..., L} and its
transition rate matrix I = [Ay] is described as

AstAt + o( At), s #1,
14 AssAt+0(A), s=1,
where the time interval At of the infinitesimal transition satisfies lima;_so O(AA:) = 0. Moreover, the
jump rate from mode s at time ¢ to mode [ at time ¢ + At is presented by Ag, where Ay > 0 and

Pr{r(t + At) = |r(t) = s} = { (1)
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Ass = *ESL:LS :,élASl' Consider the following conic-type nonlinear MJS:

i(t) = f(2(t),w(?)),
y(t) = Cryx(t) + Dypyw(t), (2)
2(t) = Ergyx(t),

where z(t) € R", y(t) € R™ and z(t) € R? denote the state, measured output and the controlled
output, respectively. Moreover, w(t) € R¥ is the external disturbance that belongs to Ls[0,+00) and
satisfies w™ (t)w(t) < &2. It should be indicated that Crt)» Drt), Er(r) are known matrices with suitable
dimensions. For the nonlinear function f(x(t),w(t)) which depends on (x(t),w(t)), it can be described
by the following dynamic conic sector description:

1 (), w(t) = [Ar@y2(t) + Brinw (@]l < 2[[Acr@yz(t) + Beryw (8] (3)

Remark 1. The conic-type nonlinear function f(-), which is defined on an n-dimensional hypersphere,
can be described by inequality (3). Linear systems A,z (t)+B,w(t) and Ac, )2 (t)+Berpyw(t) describe
the center and the radius of the hypersphere, respectively. It is worth noting that as a special type of
nonlinear dynamics, the conic-type nonlinearity can represent many engineering nonlinear dynamics,
including locally sinusoidal nonlinearity, saturation nonlinearity, dead zone nonlinearity and piecewise
linear functions. More specifically, if the disturbance w(t) does not exist, the Lipschitz nonlinearity can
be obtained by (3).
When r(t) = s, substituting inequality (3) into MJS (2) results in the following expression:

~+

2(t) = Asx(t) + Bsw(t) + gs(z(t), w(t)),
y(t) = Csz(t) + Dsw(t)a (4)
(1) = Bya(t),

where gs(z(t),w(t)) = f(x(t),w(t)) — [Asx(t) + Bsw(t)]. On the other hand, the following expression can
be obtained from inequality (3):

lgs(x(®), w®)1? < 2[| Acsz(t) + Besw (1), (5)

In this case, the asynchronous filter for MJS is designed in the form below:

{ tp(t) = Apsyz(t) + Brsyy(t), (6)
zp(t) = Crsuymy(t),

where z;(t) € R™, z¢(t) € R” and y(t) denote the filtering state, filtering controlled output and the
measured output, respectively. Moreover, Ays), Bysy and Cysy are the filtering parameters that
should be designed. In (6), we adopt a variable d(¢) to denote the mode of the asynchronous filtering
system. It shows that the actual system mode r(¢) can be observed/detected. Its value is within the
range of O = {1,2,...,0} and its conditional probability matrix ® = [¢s,] is described as follows:

Pr={0(t) = v|r(t) = s} = ¢sv, (7)

where Ef?:l(bs@ = 1. Meanwhile, the filtering system can be rewritten as

{ T(t) = Aoz s(t) + Broy(t), (8)
Zf(t) = Cfvzf(t)'

The system (8) is substituted into MJS (4), and the state estimate error and the output estimate error
are defined as e(t) = x(t) — xf(t) and Z(t) = 2(t) — zf(t), respectively. By defining Z(t) = [:((:))], the
filtering error dynamic MJS can be rewritten as

{ #(t) = Ay (t) + Bopw(t) + s (@ (t), w(?)),

Z(t) = ésvj(t)a (9)
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where Asv(t) = [AS—ijZ‘S—AfU Ajv]’ st(t) = [BS 7Ij::fups]v Osﬂ(t) = [Bo-cp cp ], Gs(2(t),w(t)) =

[ gs(x(t), w(t)) ]
gs (z(t), w(t)) I

Remark 2. Studies show that the mode operation of the Markov chain is of significant importance in
real applications of MJSs. However, the mode r(t) is not available for the filter. In other words, the real
system mode is hidden to the filter, which causes some inaccuracies. Accordingly, the filter mode does
not synchronize with the system mode. In the present study, d(¢) is regarded as the filter mode. The
correlation between d(t) and r(t) is reflected by (7). Therefore, the filtering error dynamic MJS (9) can
be regarded as a double random process. However, in the filter design, Afs), Bysr) and Cysyy only
depend on §(t), which can reflect the hidden model.

Based on the dissipative theory, the energy supply function for the filtering error dynamic MJS (9)
can be described as

.
JE(),w(t), T) = /O E{S(2(t),w(t)) }dt, (10)

where S(2(t),w(t)) = 2T (OUZ(t) + 22T (1)Gw(t) + wT (¢)Vw(t) is the supply rate. It should be indicated
that real matrices U, G, V are known with V = VT, i/ =UT < 0, and -U = U U.

Definition 1. Given a time interval [0, 7], positive scalars a1, as with as > a1 and a weighting matrix
S > 0, the filtering error dynamic MJS (9) with fOT wI(t)w(t)dt < d (d > 0) is stochastically finite-time
bounded (FTB) respect to (a1,as,T,S,d) if the following condition is satisfied [20]:

27(0)Sz(0) < ay = E{z"(t)Sx(t) < as}, Vte{0,T}. (11)

Remark 3. The FTB concept can be converted to the finite-time stability [42] if the parameter d is
set to zero. It is worth noting that the concepts of FTB and Lyapunov stability are different. In fact,
the Lyapunov stability mainly focuses on the steady state performance, while the FTB mainly analyzes
the boundedness of the transient states. In the present study, it is intended to verify the finite-time
boundedness of the designed filter instead of the Lyapunov stability.

Definition 2. For zero initial condition, the filtering error dynamic MJS (9) is strictly (U, G, V)-a-
dissipative, if the given scalars e > 0 and T > 0 satisfy the following inequality [34]:

.
TG(),w(t),T) > a /0 W (B)e(t)dt. (12)

Lemma 1. Given two real matrices X and Y with suitable dimensions, a constant ¢ > 0, and vectors
x,y € R™, the following inequality holds [20]:

20T XYy <e a2 XTXa 4+ e TYTYy. (13)

3 Results and discussion

In this section, it is intended to prove that the filtering error dynamic MJS (9) is FTB. To this end,
sufficient conditions are given by the following theorems.
Theorem 1. The filtering error dynamic MJS (9) is stochastically FTB respect to (a1,as,T,S,d)
under the given scalars 5 > 0. In this case, for any s € £ and v € O, there are a set of mode-
dependent scalars o, > 0 and positive definite symmetric matrices Ps > 0 satisfying the following matrix
inequalities:

v <0, (14)

S < P, < 048, (15)

d
T osay + —(1—e*7) < ay, (16)

S
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where
-Aslv - 'YsPs st Cs AcTé
* ,Dslv*f)/sps Cs*fsv 0
U= * * -1 B;FS ’
1
* * * *55711

Aslv = Zlel )\sl]Dl + Her(A;rPs) + E71-PSJD$; st - 21?:1 d)sv(AEPs + C;rBnyPs - A}:UPS); Cs - PSBS;
Dyip = ZIL:I )‘slPl + I ¢SU(Her(A}‘vPS)) + 5_1P3Ps; Fow = 27?:1 ¢sv(PstvDs)-

v=1
Proof. A stochastic Lyapunov function candidate is selected as

V(z(t)) = T (t) Psi(t). (17)
For this candidate, the weak infinitesimal generator of V(Z(t)) can be described as

L O
AV (3(t)) = 7 (1) <Z )\SlPl> B(t) +2) e[t () Pai(t)]
=1

B o
=i"(t) (Z Assz> B(t)+2)  du{2 ()AL PE(t) + T (1) BL, Puii(t) + g1 (1)} (18)
=1 v=1

Considering inequality (5) and Lemma 1, the following inequality can be obtained:
20T P.i(t) < e @Y (1) PoPoi(t) + €3l gs
< e_liT(t)PSPS:Tc(t) + 2€[Acsz(t) + Bcsw(t)]T[ACS:c(t) + Besw(t)]. (19)
For any ~4 > 0, the following equation is defined:
Ji(t) = B{AV(Z(t)) — vV (E(t)) — w" (H)w(t)}. (20)
Considering (18)—(20), the following expressions can be obtained:
Ji(t) = BE{AV(2(t)) — 7V (E(t)) —w" (t)w(t)}
<Y ()T n(t) + 2€[Aesz(t) + Besw(t)] T [Acsx(t) 4+ Besw(t)], (21)

where 77(t) = [F7(t) WT(1)], Uy = [N e BRI A = BE NP+ B9 s [Her (AT, Py)] +

* —1I
e 1P, P,. By substituting ;13; and BEU into the filtering error dynamic MJS (9), the following expressions
can be obtained:

J1 < EV ()WL (t) + 2€[Apsa(t) + Besw(t)] T [Aes(t) 4+ Besw(t)],
where £T(t) = [2T(t) eT(t) wT(t)],

Asly - ’}/sPs st Cs
lI/Q: * ,Dslv*f)/sps Cs*fsv )
* * -1

-Asl'u = Elel)\slPl + Her(AEPs) + 5_1P3Ps; Bsy = 21()9¢6U(A:5TP6 + CngTvPs - A}‘UPS)) Cs = P Bq,
Dao = SF M P+ 9 6o (Her(AT, P)) + e PPy, Fyy = £ 1640 (Ps By, D). Meanwhile, when the

Schur complement is applied for inequality (14), we have J; < 0. Then, the following inequality is
mathematically expressed:

E{AV(i(t))} <V (@(t) +w' (tw(t). (22)

By multiplying the abovementioned inequality by e~ 7! and taking integration from 0 to ¢, the following
expression is obtained:

BV} - BYO) < [ e e, (23)

t
0
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Since 75 > 0 and ¢ € [0, T], inequality (23) can be rewritten in the form below:
E{V(z(t))} = E{z" (t)P:z(t)}
t
< e"'E{V(0)} + e%‘td/ e sTdr

0
Vst .%T 7 i — e st
<ot [T ORI + L - )]
vsT QZ‘T 7 i _ e*VST
<e { (0)Psz(0) + o (1 )] . (24)

Then, it is found that the following correlation holds:

7 max(S T3PS 22T (0)SE(0)) + L (1 — e T)

~T ~ s
E{z"(t)Sz(t)} < emin(S*%PsS*%) . (25)

Based on inequality (15), it can be proved that emax(S*%PsS’%) < 0s and emin(S’%PsS*%) > 1.
Accordingly, E{zT(t)S%(t) < az}. Consequently, the proof is completed.

Theorem 2. The filtering error dynamic MJS (9) is stochastically FTB with respect to (a1, a2, T, .S, d),
and it is strictly (U, G, V)-dissipative under the given scalars v, > 0, if for any s € £ and v € O, there
exist a set of mode-dependent scalars o5 > 0 and positive definite symmetric matrices Ps; > 0 satisfying
(14)—(16) and the following matrix inequality:

=<0, (26)
where
Aslv Hsv st - 571 CS - jsv AcTs
_ * slv ICfv Cs - -/_'.sv - CfTUg 0
== * * al =V BY, ’
1
* * * 755_11

Asio = SE A Pi+Her(AT Py) +e 71 Py Py, By = 81 ¢ (AT Ps +C’TBfUP AT Py),Cs = PsBg, Dy, =
Elel)\slPl +EO 1¢6U(Her(AT ))+571P Pw fa'u - E 1¢a'u(P vaD ); Ha'u - (E Cf'u)Tu(Es_Cfv);
Is@ = (Es Cfv) UCfU, jw = (Es Cfv) g7 Kfv - Cfvucfv-
Proof. In order to prove this theorem, an index function is initially defined as

Ja(t) = B{AV(Z(t))} — S(2(t), w(?)) + aw™ (t)w(?). (27)
Based on (18) and (27), the defined function can be rewritten as

Jo(t) = E{AV(&(t)} — S(2(t), w(t) + aw™ (t)w(t)
< TIT(t)EN?(t) + 2€[Acsz(t) + Besw(t )]T[ es(t) + Besw(t)]
— T CTUC,, 3 (t) — 28T (1) CT Gu(t) — wT (t)Vw(t), (28)

it can be proved thz:tI Jo < EV(1)Z2€(t) + 2€[Acsz(t) + Besw ()] [Aesz(t) + Besw(t)], where £T(t) =
[2(t) et(t) WD),

where 2y = [ Z12e0BL 2] By qubstituting AT, BT and CF, into the filtering error dynamic MJS (9),

Aslv Ha'u Ba'u - a'u Cs - jsv
Eg = * Dsiv — Icfv Cs — Fsv — CfTvg )
* * al =V

Asty = S AP+ Her (AT Py) 47 PPy, By, = £ 164, (AT P+ CT BT, P, — AT, P,), C, = P, By, Dy, =
ElL:l)\sl]Dl“i’EO 1¢s7j(Her(Arjl:vPs))+571Pspsa -/_'.sv - 2@:1¢SU(P vaDs); Hsv — (E Cfv)Tu(Es*Cfv);
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Tow = (BEs—Cpy)"UCty, Tsv = (Es —C)TG, Ky = C};L{C’fv. Meanwhile, when the Schur complement
is implemented in inequality (26), it is found that Jo < 0. Then the following inequality is obtained by
integrating Jo < 0 with zero initial conditions:

T T
E {V(:Tc(t)) —/ S(Z(t),w(t))dt +/ awT(t)w(t)dt} < 0. (29)
0 0
Since V(Z(t)) > 0, the following inequality is obtained:

T T
/ E{S(2(t),w(t))}dt > a/ wh (t)w(t)dt. (30)
0 0

Comparing the obtained inequality with expressions (10) and (12), the strict dissipativity of the filtering
error dynamic MJS (9) is obtained. Consequently, the proof is completed.

Remark 4. Generally, there are two special cases of dissipative filtering, called the passive filtering and
H filtering. Tt is proved that the filtering error dynamic MJS (9) is strictly dissipative in Theorem 2.
Meanwhile, it is proved that the filtering error dynamic MJS (9) is passive or achieves a given Hao
performance by adjusting U, G and V [34, 39].

Then, the following two special cases of dissipative filtering are obtained accordingly.

(1) Passive filtering: If parameters are set to U = 0, G = 1, V = 2q, the filtering error dynamic
MJS (9) is passive.

(2) H filtering: If parameters are set to Y = —1, G = 0, V = «a + o2, the filtering error dynamic
MJIS (9) achieves the given H., performance.

The correctness and feasibility of dissipative filtering and the two special cases will be discussed in
Section 4.

In this section, inequalities in Theorems 1 and 2 should be transformed to a solvable form. Meanwhile,

the filter gains and the optimal index a* are obtained through the LMI tools. The adequate conditions
are given in Theorem 3.
Theorem 3. The filtering error dynamic MJS (9) is stochastically FTB with respect to (a1, a2, T, .S, d)
and it is strictly (U, G, V)-dissipative under the given scalars v5 > 0 and matrices U, G, V, if for any
s € Land v € O, there are a set of mode-dependent scalars o, > 0, M, N and positive definite symmetric
matrices Py > 0 satisfying the following LMIs:

T, YT
b <o, (31)
* T3
Iy T
l ' 2] <0, (32)
x I's
where
X1 X2 PsBs Arcrs PS 0 @1 0
0 0P 06
T, = R , To= ° ! , YTs=diag{—el —eI s s},
« x —I BT 000 0
x k% —ze '] 000 0

X1 = ()\557’)’5)PS+H€F(AEP5), X2 = 2§=1¢SW(A3PS+CEN‘;I'Z)7M‘;I'Z))7 X3 = ()\ss*’}/s)Ps“i’Eq(?:lqssvHer(Mg;)a
X4 = P;Bs — E?:lfbstsvDs;

0, 0, 05 AT P 0 8358 0
0, 0 0 0P 6 0 &

r=| " " . Dy= : Y, Dy=diag{—el —el —1 &5 &),
x x al =V BL 00 0 0 O

* % * —%6_11 00 0 0 O
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01 = Aos Py + Her (AT P,), 0y = SO (AT Py + CTNE — MT), 03 = P,B, — (Ey — C10) "G, 04 = ASSP +
E§=1¢5yHer(Mg}), 05 = Ps B EU 10su NsyDs Cfvg &, = \/_I s/ Ass—11y \/ Ass+11, -

By = —diag{P1,..., Ps_1,Pst1,..., P}, 63 = (Es — Cp,)" ur 054 = C’f”LlT Moreover7 the ﬁlter
parameters can be expressed as Ay, = P71 My, By, = P7INg,.

Proof. Since inequalities (14) and (26) cannot be solved directly, we let My, = PsAy, and Ny, = PsBy,.
Then, the Schur complement is applied to get inequalities (31) and (32) by U = U" < 0 and —U = U U.
Consequently, the proof is completed.

4 Simulation

In order to evaluate the correctness and feasibility of the designed approach, a two-jumping-mode MJS
with the parameter listed below is studied in this section:

—6.5 —0.2 1.4 —1.1 0.1 0.1
) AQ = ) Bl = ) B2 =
3 —0.8 0.8 —0.9 —0.1 0.1
0.2 0.5 0.2 —0.5 2 0.3 2 —0.1
) 02 = ; Dl = ; D2 = )
—-0.2 1 —0.2 1 -1 0.1 -1 0.1
0.1 0.1 0.5 —0.1 0.20
; Es = ; Acl =
—0.1 0.1 —0.1 0.1 00

0.10 0.10 212t ¢ sin(0.05t
 Bu— () = e X sin( ) '
00 00 e~ 212t x sin(0.05¢t)

A =

Ch =

Bcl =

In this case, the conic-type nonlinearity can be expressed as
0.01 x (Jz1 + 0.1] + |1 — 0.1])
gs(z(t),w(t)) = :

0.01 x (Ja1 +0.1| + |x1 — 0.1])

The transition rate Iy, and HMM conditional probability ® are defined as Iy, = [* * ], ® = [77 2]

5 —5 0.9 0.11°
Moreover, the corresponding dissipative parameters are i = [ ' ° ], G = 0.4, V = 1.4. By solving LMIs

(15)-(16) and (31)-(32), the optimal dissipative index a* = 0.1205 and the filter gains can be obtained in
the form below:

—3.4661 0.7684 0.0011 —0.0003 0.1265 0.1484
Af1 = Af = Bf = R

0.9328 —1.3705 —0.0008 —0.0018 0.1584 0.4189

0.0006 0.0011 0.1870 —0.0302 0.1651 —0.0188
Bfg = Cf1 = Cf2 =

0.0010 0.0022 —0.0302 0.0887 —0.0188 0.0327

Figure 1 illustrates the simulation results of the system and the filter modes. Figures 2 and 3 show
the trajectories of state errors and output errors, respectively.

Then, the influence is analyzed with different ® values. Table 2 indicates that three cases are considered.
More specifically, Cases I-1II represent the synchronous case, the partially asynchronous case, and the
asynchronous case, respectively.

In Case I, the optimal synchronous dissipative performance index is obtained as o = 0.1581. Moreover,
the optimal partially asynchronous dissipative performance index in Case II is obtained as o* = 0.1206.
It is found that the optimal asynchronous dissipative performance index in Case III is a* = 0.1205.
It is observed that the optimal dissipative performance index a* decreases as the asynchronous degree
increases.

The abovementioned analysis indicates that the dissipative filtering includes the passive filtering and
the H, filtering if three parameters U, G and V are adjusted as the following.
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Figure 2 (Color online) Trajectories of state errors in the Figure 3 (Color online) Trajectories of output errors in the

dissipative filtering case.

dissipative filtering case.

Table 2 & values for three various cases

Case I: synchronous

Case II: partially asynchronous Case III: asynchronous

]

1 0 0.9 0.1
0.25 0.75 0.9 0.1

(1) For the passive filtering, parameters are set to i = 0, G = 1, V = 2. Under these circumstances,
the filtering error dynamic MJS (9) is passive. By solving LMIs (31)-(32), the optimal passive index
a® = 0.6961 and the passive filter gains are obtained as

Ap

Byo =

0.9507

B [—3.4400 0.7805

—0.0012 —0.0028
- e
—0.0028 —0.0056

—1.3433

B [0.1163 0.1334]

1 0.1462 0.3925

—0.0021 0.0012
, By
0.0024 0.0059

]7 Af2:

0.1093 0.0277 o 0.1078 0.0292
0.0277 0.0011 |~ 777 | 0.0292 —0.0082 |-

Figures 4 and 5 show the trajectories of state errors and output errors obtained in the passive filtering
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case, respectively. It is observed that the trajectories of state errors and output errors tend to zero.
(2) The filtering error dynamic MJS (9) achieves the given Ho, performance by lettingd = —1I, G = 0,
V = a + a?. By solving LMIs (31)-(32), the optimal H,, index o* = 1.6778 and the H,, filter gains are

obtained as

Ap =

—0.00005 —0.00007 0.0132 0.1163

—3.0837 0.9477 B
1.0343 —0.7542 | 7

[ 0.00019  0.00006 ] 5 l0.0452 0.0027]
5 f 5

_[-o00016 —000004] [ 02716 —00557] [ 02716 —0.0557
27 Z0.00003 —0.00003 | T | —0.0557 0.0595 |77 | —0.0557 0.0595 |

Figures 6 and 7 illustrate the trajectories of state errors and output errors in the H filtering case,
respectively. It is observed that the trajectories of state errors and output errors incline to zero. The
simulation results in Figures 2—-7 demonstrate that the designed filters, including the dissipative filter,
the passive filter, and the H. filter are feasible and applicable.

Remark 5. More recently, the HMM-based H filter for MJSs was designed [43-46]. Scholars [39-41]
investigated the asynchronous dissipative filter of fuzzy MJSs. Comparing the obtained results with
those reported for the H, filter proves that the designed asynchronous dissipative filter can be effectively
applied for nonlinear MJSs with finite-time boundedness, i.e., the conic-type nonlinear MJSs.

5 Conclusion
In the present study, the asynchronous dissipative filtering of MJSs with conic-type nonlinearity is de-

signed. Moreover, an HMM is introduced to illustrate the nonsynchronous embodied in the system modes
and the filter modes. Meanwhile, the stochastic finite-time boundedness and the strict dissipativity of the
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filter for the MJSs with conic-type nonlinearity have been verified by the proposed adequate conditions.
The filter gains and the optimal index a* are obtained by solving a set of LMIs. Finally, the correctness
and feasibility of the designed approach are demonstrated by a given simulation example.
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