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Finite-time dynamic event-triggered sliding mode control of interval type-II
Markov jump systems with partially known transition probabilities ™

Abstract

The issue of finite-time event-triggered sliding mode control (SMC) is investigated for a class of interval
type-11 fuzzy Markov jump systems with partially known transition probabilities. Firstly, for the sake of
saving network resources, a dynamic event-triggered scheme (DETS) is proposed to determine whether to
transmit the signal or not. Then, a feasible SMC law is developed that makes the state trajectory of the
system reach the specified sliding surface in finite-time. Thereafter, by means of the time partition strategy,
sufficient conditions for the system to be bounded in finite-time during the arrival and sliding stages are
derived. Additionally, the controller gains are computed by utilizing the linear matrix inequality (LMI)
toolbox. Lastly, the advantages of the SMC strategy are verified by simulation products.

Keywords:
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1. Introduction

It is well known that the Takagi-Sugeno (T-S) fuzzy system is an excellent tool for the analysis and
synthesis of complex nonlinear plants[I]-[5]. With the T-S fuzzy model, the primitive nonlinear system can
be well expressed by a ”mixture” of some local linear subsystems. Consequently, analysis of the stability of
linear systems can be prolonged to the nonlinear case by the T-S fuzzy modeling approach.

Markovian jump systems (MJSs) as a special class of switched system which consist of an indexed family
of subsystems and a set of Markovian chain, have obtained increasing attention. According to the presence
of sudden variation, random component failures, and abrupt environment changes in their structures can
be modelled by MJSs, such as networked control systems, power systems, aircraft control, manufacturing
systems, solar receiver control and other practical systems [6]-[IT]. More significantly, different from the

conventional controller, the control design of MJSs is under the idea of switching to improve the performance
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of closed-loop system. During the past few years, MJSs have been applied to various fields of science
and engineering and a great number of research works have been reported [I12]-[17] and references therein.
However, most of the researcher have only considered the transition probabilities of MJSs are fully known
and various results have been investigated in [I§][19]. In practical point of view, the transition probabilities
of MJSs are not fully known, due to the presence of channel delays and packet dropout in digital control
system, it may be very costly to achieve full known transition probabilities [20][2I]. Hence, it is important and
necessary to further investigate more general MJSs together with partially known transition probabilities.

In practical applications, when the data are transmitted among different components of the controlled
system via a shared network medium, the communication resources might be unnecessarily wasted, and the
channels might be heavily occupied [22]. Hence, the event-triggered mechanism, as an effective way to reduce
communication burdens, has been widely applied, whose main idea is that the control/measurement signal
can access the network only at the instant when the triggering condition is satisfied [23]. Compared with the
static event-triggered scheme(SETS), the dynamic event-triggered scheme (DETS) has received increasing
attention in recent years [24]-[27]. The key feature of the dynamic event-triggered (DET) strategy is that
an additional internal dynamical variable is introduced to adjust the event-triggered condition adaptively.
In [27], the DET method was also integrated into the SMC scheme to stabilize a slow-sampling singularly
perturbed system. Nevertheless, the application of DETS to interval type-II fuzzy MJSs with partially
known transition rates, there are not many relevant research results. This is the main motivation of this
paper.

Furthermore, sliding mode control (SMC), a discontinuous nonlinear control method, has been extensively
studied for several decades due to its simplicity and robustness. The main idea behind SMC is to drive the
system states onto a prescribed sliding surface in finite-time and to maintain the trajectory on it for all
subsequent time [28]-[31]. Up to now, the SMC method has been utilized to control different complex
systems, e.g., Markovian jump system [32] [33], switched system [34]-[306], Takagi-Sugeno (T-S) fuzzy system
[37), multi-agent system [38], and so on. In [39]-[41] , it is highlighted that Lyapunov stability takes into
account the fact that the system’s trajectory achieves a balance point within an infinitesimal time lapse.
These articles only focus on the infinite-time reachability, but in engineering applications, there is an urgent
need to actuate the trajectory of the system onto a specified sliding surface within a limited timespan.
Consequently, a growing interest in the field of finite-time stability (FTS) and finite-time boundedness
(FTB) conceptions has been observed in the recent couple of years, following the increase in efficiency of
practical systems. In [42], FTB and reachability of MJSs with timelags are discussed. Besides, scholars
have also extended the finite-time theory to fuzzy systems [43], multi-agent system systems [44], randomly
switched systems [45] and so on.

In consideration of the above discussion, the issue of finite-time DET SMC of interval type-II fuzzy MJSs
with partially known transition probabilities, which has greatly aroused our attention. The key contributions
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to this article are outlined below:

(1) The DET SMC problem of interval type-II fuzzy MJSs with partially known transition rates has
been considered, and the minimum inter-event time has been given to avoid Zeno phenomenon.

(2) In view of the effect of DETS, the concept of FTB is introduced to cope with the mismatched
membership functions(MFs) and the exterior interferences. The trajectories of the interval type-II fuzzy
MJSs with partially known transition rates are not only ensured to arrive at the specified sliding surface
in finite-time by utilizing the designed SMC strategy, but also sufficient conditions for the system to be
bounded in finite-time.

(3) An example is given to demonstrate that the proposed DETS is more effective than the traditional
SETS.

Notations: The symbols applicable in the present paper are generic. ynax(C) means the maximum

eigenvalue of matrix C, with ||C|| represents the Euclidean norm of C. E {-} indicates the mathematical

“ »

expectation. C > 0 represents that C is symmetric positive-definite. “*” represents the symmetric block

for a symmetric matrix. sgn(c) represents the sign function that equals 1 when ¢ > 0, equals 0 when ¢ = 0.

2. Problem formulation and preliminaries

2.1. System description

With respect to the probabilistic space (14, ®,Pr) , the nonlinear MJSs with external disturbance are
constructed by the T-S fuzzy model presented below:
Plant rule i: IF J;(x(t)) is 95,..., and J,(x(t)) is 0;,, THEN

(1)

wherein 3;(x(t)) is the premise variables, 3} represents the fuzzy aggregations, i € F = {1,2,...,v} ,
1 €0 ={1,2,...,p} and p is the number of premise variables and v is the number of fuzzy rules. wu(¢)
and z(t) signify the control input and the system state, separately; y(¢) is the output vector; w(t) is the
exterior interference with a known upper bound @ meeting ||w(t)|| < ||@||. The firing intensity is for the

rule 7 specified as the below given set of intervals: n;(x(t)) = [ﬂz(x(t)),ﬁz(x(t))} with

i~

n,(x(t)) = | | Ky

i
J

(Ty(2(1)) > 0,7;((t) = [ [ 7 (T, (1))) > 0,

1

)
wherein B (3,(x(t))) and T (3,(z(t))) € [0,1) are the lower and upper grade of the MFs, satisfying

i
J

(3(2(®))). {#(H)};>o is a Markovian process with its values within a finite set q =
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{1,2,..., R}. Then, the transition rate matrix X = (pg¢), 3, £ € ¢ from mode J at time ¢ to mode £ at

time t + € is determined by

38+ 0(§), S # L
Pr {it-i-g = £|it = %} £
L+ pgs§+0(§), S =L
wherein § > 075111“})(0(5)/5) =0; 03220, I# L, psg=— Y pg£,3 €Y.
- £Z

In this article, it is hypothesized that the Markov jump parameters are partially known, meaning that
the other parts of the elements of matrix N are unknown. By way of example, consider the following form

of a system with three modes:

wherein “?” represents the unknown elements. To streamline the symbols, define § = ﬁ[? + ﬂgx VS e q
with 5 £ {£|pgc is known}, €3, £ {£]pse is unknown}. If €5 # 0 : €F = {/\?,...,)\;j},VI <g<
R, where )\;5 € NT is the gth element in the Sth row of matrix N.

To the whole 1(t) £ 3, we define A;g 2 A;(1(t)), Bis = Bi(i(t)),Cs = C(1(t)), Dis = D;(i(t)) to

simplier the notations. Thus, the overall considered system can be formulated via the below T-S fuzzy

model: )
z(t) = ; ni(x(t)) [Aisz(t) + Bisu(t) + Digw(t)] @
y(t) = Cs(t)

with

ni(2(t)) = n,(2(£))4;(x () + 7;(2(8))€: (x(t))
£;(x(t)), i((t)) € [0, 1], £;(2(t)) + (= (t))

I
l—‘
=
Iy
—~

8
—~

~
~—
~—

I

—

Where the the nonlinearity functions £,(z(¢)) and ¢;(z(¢)) enable uncertainty in parameters to be trapped,

A;s, Bis, Cg, Dy are known matrices with proper dimensionalities.

2.2. Dynamic event-triggered scheme

In the paper, as presented in Fig.1, for the purpose of relieving the data transmission pressure, we
introduce an improved dynamic event-triggered scheme(DETS) which is used to decide whether the system
state z(t) will be released into the controller . Define e(t) = x(t) —x(¢x) as the difference between the current

state z(t) and the last transmitted state x (). The triggering instant ¢4 is decided by the following rule:

bost = inf {tlt >t M(0) + ! (ONa(t) = T (OMe() < o} (3)
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wherein p € (0,1), p > 0, N with M are selected parameters. In addition, the dynamic variable #(¢) satisfies

the following rule:

M) = —kb(t) + pzT ()N (t) — T (t) Me(t) (4)
wherein x > 0 with #(0) = &g > 0.
Remark 2.1. Different from the SETS as in [I4], the variable &(t), as the additional internal dynamic

threshold, is introduced into the DET criterion (3), which can be adjusted adaptively along with the rule (4).
Therefore, the presented DETS is more flexible in improving the transmission efficiency than the SETS.

Next, our goal is to design a fuzzy SMC law to realize the finite-time boundedness(FTB) of interval

type-11 fuzzy MJSs (2) under DETS.

A

u(t)

x (ty)
Controller

Fig.1. The system structure under DETS

Lemma 2.1. [f7] Considering the real matrices e and f which have suitable dimensionality, with respect

to any scalar o > 0, the following inequality forms:

eTf+ffe<elo e+ fTof (5)
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Definition 2.1. [T]] Fized a time inteval [0, T], scalars do > d; > 0,¢ > 0 and a matriz R > 0, system(2)
1s FTB with respect to (dl, ds, [0, T], R, Q[O,T],g) , if the following condition holds for any t € [0, T]

E{zT(0)Rz(0)} < dy

R [TuT <o L ORI} < 0
3. Main results
3.1. Sliding surface design
The designed sliding surface is as follows:
s(t) = Jz(¢) (7)

wherein J £ f: vg B, with scalars vg (S € q) are supposed to be selected such that JBg is nonsingular
for any & € ﬁ[s.:1

Plant Rule j : If by (z(t)) is Z1, ba(x(t)) is Z3, ..., and by(x(t)) is Z, then the ambiguous sliding mode
controller is designed below:

v

u(t) =Y hi(x(t) [Kisa(te) —(t)sgn(s(t))) (8)

i=1

wherein Z hi(z(ty)) = 1, hi(z(ty)) € [0,1],i € F, v(t) = 7+ ¢ Jw®)|| 4+ Blz(t)]| + || Kisz(ts)]|

=1

with ¢ £ max {65}, 65 2 [|(IBis) " IDis||, 8 £ max {Bs}, Bs = 3 [UsT| + || (JBis) " TAis
R
Og = Y ¢ar(JBig)™t, 7> 0is a small scalar.
£=1

Remark 3.1. In the previous work, the sliding surface therein is designed as a mode-dependent one.
Nevertheless, due to the existence of the sign function, it is inevitable that the trajectory of the system raises
the chattering phenomenon when reaching the sliding surface. Therefore, if the mode-dependent sliding
surface is chosen, the reachability of the sliding surface might not be guaranteed all the time, and the trajectory
of the system can not do sliding motions along with the sliding surface strictly. Furthermore, the frequent
switching of the sliding surface and the chattering phenomenon of the system trajectory may degrade the
performance of the controller. Thus, we adopt a mode-independent sliding surface to avoid the above defects

in this article.

3.2. Finite-time reachability analysis

In this part, within a given limited time [0, T], the SMC law u(t) is designed to compel the trajectories
of the systems into the sliding surface s(t) = 0 in a finite interval [0, T*], and ensures that they stay on the

sliding surface for the rest of time [T*, T].
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Theorem 3.1. For the interval type-II fuzzy MJSs (2), the SMC law (8) enables the trajectories of the
systems to be compelled into the sliding surface s(t) = 0 in the limited timespan [0, T*] (T* < T) and stay

on there in [T*, T] in mean square sense, wherein T in the sliding mode control law (8) satisfies

max Bz% -1
max{omar (IBia) "}

T> = 13 (0)| (9)

Proof: Cousider the Lyapunov function with respect to any ¢t € [0, T]

Vi(s(1),3,1) = 557 (0(TBio) () (10)

For the convenience of writing, let V;(s(t),S,t) £ Vi (t) whose infinitesimal operator is obtained:

R

Vi (t) Z%ST(OH%S@) +sT(OIB{Y_ mi(x(t) JAisa(t) + IDigw(t) + ) ¢sc(IBig)
=1 £=1

(Kigw(te) —v(t)sgn(s())]}

<=7 [s@ll

<-I Vi) (11)

N glg%c{amw(JBis)*l}
where ¢ = 5

IS

Integrating (11) from 0 to ¢ with ¢ € [0, T*], one gets that:

2V

ol

(T*)—2V2(0) < —%T* (12)

from which we known that there is Vi (T*) = 0(s(t) = 0 for ¢ > T*). Thus, by virtue of (12), we can get
that:

2
™ < 22, /¥,(0) (13)
T
In conjunction with (7) and (10), we can derive that V;(0) < %ma%({amm(JBig)_l} [|s(0)]12
€
and ||s(0)|| = [|J=(0)||, then one derives that:

max Bi‘? -1
I(?g%({a «(JBis)™ '}

T < . 1 32(0) (14)

In combination with (9), we get T* < T.
Consequently, in a limited timespan [0, T], the trajectories of the interval type-II fuzzy MJSs (2) is to
be compelled into the sliding surface (7) within limited time T*(T* < T), and maintained there during the

rest of time [T*, T], the proof is thus accomplished.

Remark 3.2. It is clear from the certification procedure described above that the parameter T in the SMC
(8) is important and that it has the power to determine the arrival time T*. According to (14), the time to

the arrival stage decreases as T increases in value.



UNDER PEER REVI EW

Remark 3.3. The analysis of arrival stage [0, T*] and sliding mode movement stage [T*,T] in chunks
makes finite-time sliding mode control distinct. In accordance with Theorem 3.1, the trajectories of the
system will be driven to the sliding surface s(t) = 0 in finite-time T*. The next step is to demonstrate that

the closed-loop system(CLS), along with the sliding surface in [0, T], is mean-square finite-time bounded.

3.8. Finite-time boundedness in [0, T*]

During the subsection, the trajectories of the system are at the external side of the sliding surface within

the arrival phase [0, T*], which means s(¢) # 0. By incorporating (2) and (8), the CLS can be reprofiled as:
a(t)

y(t)

> mih;[Aisa(t) — BisKise(t) — Bis7(t) + Digw(t)]
i=1j=1 (15)

Cax(t

v

wherein Y 32 mihy; 2 S S mi(w(t)hy(w(te)), Aig 2 Ass + BigKig, 7(t) £ () sgn(s(t)). And we can get:
i=1j=1

i=1j=1

O =l + llw®) + B lla@ll + | Kisz ()T [r + ¢ lw(®)] + B llz@)]] + [ Kisz(t)]]

<471? + 4*wT (Hw(t) + 48227 ()2 (t) + 42T (tp) K5 Kigx(t)

(16)

Then, the FTB issue of the system (15) is to be investigated within the timespan [0, T*].

Theorem 3.2. With respect to the SMC law (8), given parameters do > di > 0,a > 0,¢ > 0,7 >
0,k > 0,p > 0,0 > 0,N, M and matriz R > 0 are predetermined. If there are scalars d* > 0, T* > 0,

matrices Pig > 0,Z > 0,Q > 0 and symmetric matrices L, such that the following conidtions hold for all

,jEF,3€q
szhleij <0 (17)
i=1 j=1
Pig—Ls <0, £, £#S (18)
Pir—Ly >0, £, £=S (19)
4Bl < e T (20)
4aKEKig <e T Q (21)
di < d* < ds (22)
op..d 472aT* + 4 2 “
Op,od1 + @0 +47°aT* + dago” + ag < emaT g (23)
Qﬂ”is
where
Wll W12 I
WU - * W22 0
* * 71
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Wii= Y ¢se(Piz — Lg) + PigAig + ALPig + Q + (1 + k1)pN — aPyg,
£eq§

R
Wia = [Pi%Di‘\? —Pis > pseBisKie —Q —PigBig 0];
£=1
Wiy = —diag [a[, (1+ k)M —Qal,k— b1 4 a}
. R
Aig 2 Aig + 3 pseBisKie
£=1
0p,., 2 mip (amin (R7HPisRY)),
Op, o fsnelﬂ? « 2 2
o £ max (amm (R_%PigR%>)
seq
then, the system (15) is FTB about (d1,d*, [0, T*],R, Qo 7+).¢)-
Proof: Note that the DET condition (3) implies for any ¢ € [tg, tx+1]

Op

1
;Q(t) + T (t)Nx(t) — T (t)Me(t) > 0
By virtue of the dynamic equation(4),we get
. 1 1
A1) > (1) = A1) = —(+ - )A(0)
Then, integrating from 0 to t, yields
a) > N (FHE)

For &g > 0, we get #(t) > 0 for ¢ € [0, 00).

Select the Lyapunov function:

Va(2(t), S, 1, (1)) = 27 (H)Pis(t) + /0 2T () Za(€)de + /0 (1) Qu(t)dt + M(2)

—~

Let Vo(t) £ Vao(2(t), 3, t, #(t)), the weak infinitesimal generator of Vy(t) is given:

TV, (t) = 27 (1) fj oo cPica(t) + sym{zT (OB 3> 3 mihy[Aise(t) — BiaA(t) + Digw(t)

- §1 oseBisKice)]} + 2T (t)Zx(t) + 27 (1)Qu(t) + T (¢)Qe(t) — 22T (t)Qe(t)
—r#(t) + pzT () Nz(t) — eI (t) Me(t)
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R
Due to Y wgeLg = 0 for arbitrary symmetric matrices Lg, so I'Va(t) can be rewritten as
£=1
R R v v ~
FVQ Z wxePis — Z ngDng]I(t) + sym{xT (t)]P)ig Z Z 77ihj [Aigl‘(t) — Blg’ﬁ/(t)
£=1 £=1 i=1 j=1

R
+ Disw(t) = Y oarBisKige(t)]} + a7 (t)Za(t) + 27 (£)Qx(t) + e” (t)Qe(t)
£=1

— 227 (1)Qe(t) - kdh(t) + pa” ()Na(t) — e (t) Me(t)

(28)
= T[Z (P%,C(Pif_l/(\ Z 90\;,6’ z,{f—LC‘ +Zznz Pngz\r'i_AC‘]pz\s)"'Q"'Z
£eqs £e93, i=1 j=1
R
+ N]z(t) + sym{zT (t)Pig Z Zm Bis¥(t) + Disw(t Z vaeBisK;ce(t)]}
=1 j=1 £=1
el (t)Qe(t) — 22T (t)Qe(t) — kd(t) — T (t)Me(t)
Select the auxiliary function
Hi(S,t, &(t) =TV5(t) — aVa(t) — o™ ()77 (t) — cw” (w(t)
If the DET condition (3) is violated, for any scalar k1 > 0, we can obtain from (28)
1
Hi(S,t, #(t) <HL(S,t, &(t)) + kl(;#(t) +pal (t)Na(t) — e () Me(t))
¢ ¢ (29)
+ [ aT©za@ds + [ T (0)Qo(0:
0 0
Notice that g5, > 0 for all I # £ and pgg = — >, pgr forall S e q,,if S e ﬂ§ (the elements of the
££S
diagonal are known), by inequalities (17)-(18) and Schur complement, the following inequality holds:
TVy(t) < aVa(t) + oy (t)y(t) + aw™ (t)w(t) (30)

If S € €3, (the elements of the diagonal are unknown), according to inequalities (17)-(19) and Schur
complement, the following (30) holds.
Employing e~ to multiply both sides of inequality (30), we can get that

—atqVy(t
e 2(t) -

7 ae” Vo (1) + ae” M w? (t)w(t) + +ae” T (t)5(t) (31)

For t € [0, T*], integrate the above inequality from 0 to ¢, which yields

ey (1) < Va(0) + a / ~at3T(£)3(€)de + o / e €T (€)w(€)de
0 0 . (32)

i
<Op,,dy + Mo + (472 T* + 4ads + as) + / 2T (6)(4aB?D)z(€)dE + / o7 () (da K5 Kig)x(ty,)dt
0 0

Besides, it is clear that

t

Va0 > G aT(ORa(0) + [ O Dl + [ o) Qat)ar (33)
10
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By virtue of (32) and (33), we get

< Op,odi + @ +472aT* + dag?s + ag

E{z"(t)Rx(t)} < e 0T 0y

(34)

Consequently, we can derive that E{z” (t)Rxz(t)} < d*. According to Definition 2.1, the CLS with the
SMC law is FTB about (dl, d*, [0, T*], R, Q[O’T*]’g). Therefore, the theorem is proved completely.

3.4. Finite-time boundedness in [T*, T]

In the timespan [T*, T], the period of sliding motion stage, which indicates that s(¢) = 0 and $(¢t) = 0

hold for this period. Then we can obtain equivalent sliding mode control law as follows:

v v

Ueg(t) = D > mihy[~(IBig) "' TAisa(t) — (IBis) ' IDigw(t)] (35)

i=1 j=1

By virtue of (29) and (2), we can get
== ‘ (36)

wherein B;g £ Bis(IBis) 1.

Theorem 3.3. With respect to the SMC law (8), given parameters do > dy > 0, > 0,¢ > 0,7 > 0,k >
0,p>0,p>0,N,M and matrir R > 0 are predetermined. If there are scalars d* > 0, T* >0, > 0,& > 0,

matrices P, > 0 and symmetric matrices Lg, such that the following conidtions hold for alli,j € F,3 € 9q

SO mih;Wi; <0 (37)

i=1 j=1
Pir— Ly <0, £, L4 (38)
Pig—Ly >0, £, £=S (39)
dy < d* < do (40)
5 .(\d* 7(/14*%)15
Pis + ‘Oe + ag < e_‘ﬂdg (41)
=P
where
Wll W12 W13
Wij = % Wi Wyl <0
* * W33
W= Y ¢se(Pie — Lg) + PigAig + ALPig + (1 + k2)pN — aPjg
=
Wiz = |PigDis 0 0} W = [flpii‘r-éz% 0 &PigBis AZ;}}

Wae = —diag [a[ (14+ k)M k- %2 + a} , Was = —diag [51[ &I &I &I
Was = 07 D50,,0, = [I 0 o} , 0y = [o I 0 o}
11
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then, the system (36) is FTB about (d*, do, [T*, T], R, Qp- 1, g).
Proof: Pick the Lyapunov function Vs(z(t), 3,t, #(t)) = 27 ()Pigx(t) + ().
For simplicity, let V3(t) £ V3(z(t),3,t, #(t)), the weak infinitesimal generator of V3(t) is given:

R v _
LVs(t) = 27(t) 3 parPica(t) + sym{z® (t)Pia 3 2 mih;[Aisz(t) + Disw(t) = Bis Aise(t)
£=1 i=1 J_

—BisDisw(t)]} — n#(t) + pz” () Na(t) — e () Me(t)

In accordance with Lemma 2.1, we can readily obtain that
sym{a” (O)Pis Bis Disw(t)} < 127 (OPis Bis BhPisa(t) + & w () DI Disw(t),
sym{az" (t)Pis Bis Aig(t)} < &oa” (H)Pis Bis BlgPisa(t) + & "o’ (1) Alg Aig(t).
Similar to the certification process of Theorem 3.2, I'V3(t) can be rewritten as:

v v
TVs(t) =2"{ ) poePic —Ls)+ Y wse(Pie—Ls)+ > > nihi[PisAis + AlgPig

£eqs LeTy, =1 j=1

B B v v 42
(&1 + E)Pis Bio BLPis — £ AT Ais] + oNYa(t) + sym{a (OPis 33 mih; Diw(t)y 2
i=1 j=1
— &7 T () DA Digw(t) — k() — e (t)Me(t)
Select the auxiliary function
Ho(S,t, (1) = TV3(t) — aVs(t) — awT (t)w(t)
If the DET condition (3) is violated, for any scalar ks > 0, we can obtain from (42)

1
Ho(S,t, (1)) <Hs(S,t, &(t)) + kz(;#(t) +pa’ ()N (t) — e () Me(t)) (43)
Notice that pgr > 0 for all §# £ and pgg = — Y. par for all S € 4, if S € 5 (the elements of the
££S

diagonal are known), by inequalities (37)-(38) and Schur complement, the following inequality holds:
T'V3(t) < aVs(t) + aw” (t)w(t) (44)

S € 92, (the elements of the diagonal are unknown), according to inequalities (37)-(39) and Schur
complement, the following (44) holds.
Employing e~ to multiply both sides of inequality (44), one gets that

A qVs(t
e dVa(t) _

pn ae”V3(t) + ae”“w” (t)w(t) (45)

For t € [T*, T], integrate the above inequality from T* to ¢, which yields

T

e V3 (t) <V3(T*) + « / * e S wT (&)w(€)de (@5)

<Op,,d* + #ge” (vt 4 ac
12
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Besides, it is clear that

e “V3(t) > e_o‘tﬁping(t)]Rx(t) +e v d(t) (47)
By virtue of (46) and (47), we get

= * —(K-i—l)t
B{a” (t)Ra(r)) < Pl T ot LT T
e~ Op

(48)

Consequently, in line with (41), we can derive that E{z” (#)Rx(t)} < dy for t € [T*, T]. According
to Definition 2.1, the CLS with the SMC law is FTB about (d*, do, [T*, T|, R, Q[T*_’T]Vg). Therefore, the

theorem is proved completely.

Theorem 3.4. For given parameters do > dy > 0,a > 0,6 > 0,0 > 0,7 >0,k >0,p >0,k > 0,N, M, g;
satisfying hj — g¢;n; > 0 (g; € (0,1)), and matriz R > 0, if there are scalars ¢ > 0,&1 > 0,2 > 0,T* >
0,d* > 0, matrices Pig > 0,Z > 0,Q > 0, ®; = &1 with appropriate dimensions and symmetric matrices

Lg, such that the following conditions hold for all i,j € F,S € q

Wiy —®; <0,3e9qs (49)
Wy —®; < 0,3 €9, (50)
Wi — (1 - q:)®; < 0,3 € (51)
Wi —(1—¢q)®; < 0,3 e, (52)
Wi + (1 —¢))®; + Wy + (1 — ¢:)®; < 0,3 € 5 (53)
GWi+ (1= ;)% + W, + (1— ¢:)®; < 0,3 € 3, (54)
e T g*
— +A Vd
2 1 \/T (55)
* —€

—eTQ \/40J~(Z-Tg

(56)
* -1
—e T7Z \/4a32
P <0 (57)
* -1
2d* + 2ace + 2‘06_(K+%)t€ < e *Tdqe (58)
dy < d* < ds (59)
R ~ ~
0< Z vse(BisKig + Kl Bly) (60)
£=1
eR™! < Pig < 2R7! (61)

13
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N

T | S0, L€, ££S (62)
Py Pie
Pig—Le>0, £, £=S (63)
where
Wi Wi Wiz Wiy Wi Wi Wiz Wiy
- * W Wo: 0 - * W 1% 0
W, = 22 ~23 < O7W;§ _ 22 ~23 <0
* * Wss 0 * * Wis 0
* * * W44 * * W44

Wi = paaPis + AigPis + Pis AL +Q+ (1+k)pN+ Y vss(BisKie + KL BR)— 3 ¢sels—aPis

&
M «

1 Leqy
Wiy = AisPis + Pis AL, + Q+ (1+ k)pN + f: par(BisKip + K1, BE) — 2 parls — aPis
) R ) ) £=1 ) £eq3y
Wﬁ:[DQ —g;meﬁKw—Q —Big @7WB=[R% &1Bis 0 &Bis PQA%}
Wiy = {]f”ig o Pig ...]fbig},ngz—diag [a[ (1+k)M-Q ol /@4—04—%}

Wzg=®1TDiTgéz,é1=[1 00 o},ézz{o 071 0 0}
Wiy = ~diag |27 &l &I &I &l

t

i\

@ |

- - -
Was = —diag [90%,\?]?2'/\? o PgelPag e L#q
SEA

Ay = 472aT + 4a¢*s + ac + @, Q = PigQP;g, M = P;gMP;g, N = PigNP;q, Ly = PigLoPys.
then, the resultant CLS is FTB about (dl, ds, [0, T], R, Q[oyTLg). And the gains of sliding mode controller

Q@

1
AS
P;

are obtained as K;g = f(igﬁigl.
Proof. As for the transition probabilities ¢ in Wn, it can be divided into two parts:

o~

Pig( Z ps5e(Pie — Lg))Pig = ¢ Nfe'ﬂf ] £e'n~;
£eq3 Pi%( Z (Psfpif)lp)ig — ]P’ig( Z (P%«CL%)Pi%, S¥= ﬂj)\
£ef} £eq3

(64)
We can apparently deduce that the following inequality (65) can ensure that the establishment of con-
ditions (17) and (37) in the finite-time phase [0, T]

> mihiWij <0 (65)

=1 j=1
where
Wi Wiz Wis
Wij=| « Wi Was
* * W33
Wi = Zg 0s2(Pie — Lg) + PigAig + ALPis + Q + (1 + k)pN — aPig
£E95

14
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W3 = [I &PisBis 0 &PisBis Ag_] ,Way = —diag [a[, 1+kM-Q,al,k — % + a]

W33 = —diag [Z_l &l &I &I 521}

In the following, to simplify the notation, let P;g £ Pi_gl, and perform congruent transformation to
inequality (65) with diag {Rg, I, Py, I,1,1,1, I,I,I}. Then, in line with (64) and Schur complement, we

v v - v v ~
derive that > > mihjWi; <0 and Y > nh;W <O0.
i=1j=1 i=1j=1
So as to make full use of MF's information and reduce the conservativeness, slack matrices ®; are intro-

duced. By using the property of MFs, i.e., Y n;(x(t)) = 1,we obtain:
i=1

v v

SN il = )@= 0> m =3 hy)®i =0 (66)
i=1 j=1 j=1

i=1 j=1

According to Y > m;hjW,; < 0 and (54), we can get that:
i=1j=1

M
<M¢?
3
S
=
S

1=17=1

=> > thsz + 22 > mi(ny — hy)®;
i=1j=1 i=1j=1
v B v

=2 > nihy(Wiy = ®5) + >0 > nin; ®s
i=1j5=1 i=1j5=1

= Z:l Zl ni(hj — ¢;®;)(Wij — ©;) + 2:1 Zl nin; (45 (Wi — i) + )
1=1)= 1=17=

= Zl Zl ni(hj = ajm;)(Wij — @) + Zl Zl 1i; (4;Wig + (1 = 4;)®:)
i=1j= i=1j=

= Zl Zl ni(hy = qn;)(Wij — @;) + Zlnf(qz Vi + (1 - ¢:)®;)
1=1)= 1=
+ 3> nmila Wi + (1= ) ®i + @ Wi + (1 — )] (67)

i=1 j>i

Combined with 3 3" 7;h;Wi; < 0, we can get that inequalities (49),(51),(53) hold. Similar to the above

i=15=1
certification process, we can obtain that (50),(52),(54) can be ensured by > > mth{; < 0.
i=1j=1
Besides, in accordance with (61), one gets:
1 1
oz (RTEPGRY) < — i (RTEPRE) > = (68)
5

Furthermore, it is obvious that (20),(21),(23),(41) can be guaranteed by (57),(56),(55),(58) respectively.
Finally, (62)-(63) can be deduced by pre-multiplying and post-multiplying simultaneously by ]P’ZI\; with
(18)-(19) or (38)-(39), then the proof is over.

Theorem 3.5. With regard to the controlled interval type-II fuzzy MJSs (1), the DET condition (3) can
assure that the triggering interval M =ty 1 — ty, kK € N satisies

a1 (M(tir1) + ppa” (ONz(t)] &\,
a2pamax(M) B

1
B> in|l+ (69)
ai

15
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where

@ = 4] ||| +2 5] + 5]

a = || 4] eI + | BEis | e P + @) | B[ + | D] 2,

with

AL i i nihjAig, B £ i i nih;Bis, D £ i i nih;Dig.
i=175=1 1=1j5=1 i=175=1

Thus, there is a positive scalar Y to avoid the Zeno phenomenon.

Proof. With respect to Vt € [tg, trt1), we get
é(t) = > mi(x(t))[Aisx(t) + Bisu(t) + Digw(t)]
i=1

= Z Z nihjlAigx(t) + Bis Kisw(ty) — Bigy(t)sgn(s(t)) + Digw(t)]

=Axz(t) + BK;gx(t) — By(t)sgn(s(t)) + Dw(t) (70)

Moreover, we can deduce that from (70)
E eI < 21l ()|
< [ 4] Gl + e + | Bris
+[|B|] @ + ety )
= (4] + B vy [ ] + [ D] e + 4] =
+|| BEs | Iz + 50 || B]| + w2 | |
L0 He(t)||2 + a9

| (eIl + 1le(®)?) +2(0) || B]| 1+ le@))

In line with Comparison Lemma and e(t;) = 0 at the triggering instant, one gets from 2 le()||” <
ar [le(t)[|* + as
et < Z2(em (=t 1) (71)
a
In accordance with the dynamic event-triggered condition (3), we get
W(tri1) + ppr” (b ) Na(tryn) 2
< t 72
o (M) < [le(trt)ll (72)
By virtue of (71) and (72), we can get the triggering interval
1 t T(tgp1)Na(t
> 7ln[1 + al(*( k-‘rl) + ppT ( k+1) ‘r( k+1))] Ay (73)
ai a2pamax(M)

Due to p > 0, which means that the term a;(#(try1) + ppxT (tpr1)Nx(try1)) is strictly greater than
zero. Therefore, by means of (73), we can derive that ¥ > 0. Thus, the Zeno phenomenon can be excluded.
4. Numerical examples

In the chapter, our goal is to verify the validity of the presented control plan via a numerical instance.
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Consider a two-rule interval type-II fuzzy MJSs with three modes, which means R = 3. the partially
known transition rate matrix is given by
-1 7 ?

=102 -1 0.8

05 7 7
The correlative system parameters are listed as follows:
(04875 2.0001  0.1137 | (04731 21113 0.0747 |
A= 02024 03162 —3.0787|, A12 = | 0.1813 —0.2517 —3.0505|,
—0.1105  0.3002 —3.4147 —0.1201  0.4112 —3.2123
(03831 1.8525  0.0509 | (05001 1.3714  0.1546 |
Az = | 01926 —0.2817 —4.0525|, A21 = | 0.0723 —0.2312 —2.0426,
|—0.1201 04331  —4.2138] |—0.1434  0.5161  —2.3935
07215 14515 0.1815 | 07018 1.3515  0.1515 |
Aza = 03321 —0.5117 —2.8520| ,A23 = | 0.2219 —0.4223 —2.5530],
—0.2226  0.6487 —2.5681 —0.4012  0.3330 —2.6667
1.2 13] 1.4 0.3] 0.4 0.8
Bii= (16|, Bi2= |17 ,Biz3= |1.1| ,B21 = |08, Ba2 = |0.5| , B2z = [1.2],
0.8 0.9, 0.4 0.7) 0.1 0.9
= [—0.41 017 0.31], Cy = [—0.54 0.82 0.33],Cs = [—0.75 0.38 0.62}7

I = [0.1550 0.2750 0.4875] yJ2 = [0.3700 0.4120 0.6300} J3 = {0.5327 0.4103 0.4993|,
0.32 0.11 0.62 0.35 0.16 0.39

D11 = |0.41] ,D12 = [0.09] , D13 = |0.87| ;D21 = |0.16 | ; D22 = [0.23| , D23 = [0.32
0.25 0.17 0.55 0.21 0.08 0.61
with w(t) = 0.32sin(0.6t),the upper with lower membership functions:
Ql(x) = 075(1 — W),ﬁl(m) = 075(1 — W)

n,(x) =1 —n,(x),7y(x) =1 =7, (x)
and the weighting coefficients £, = sin?(x;),f; = 1 — sin?(x1). The actual membership functions are
expressed as 71 (z) = 1, (x)f; + 71 (7)l; and ma(x) = 1 — ny(z). To perform the emulation, the starting
location is selected as x(0) = [—~2.03, —2.52, —2.70]T.

Therefore, the parameters can be chosen as £; = 0.25,& = 0.35,¢ = 0.6, p = 0.5,k = 0.2,p = 0.6,7 =
04,6 =0.3,N=1,M =10,¢ = 0.16;0.27(i = 1,2), g; = 0.05;0.36(j = 1,2),dy = 0.1,dy = 4.6, T = 5s.

The simulation results are shown in Fig.2-Fig.6 and Table 1. From Fig.2, we can see that the trajectories
of the sliding variable can be compelled into the sliding surface s(t) =0 at ¢t = T*, T* < T. Fig.3 depicts
the sliding mode control law. Fig.4 shows that the trajectories of the CLS state finally reaches a stable
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state, remaining within a given region (dy = 4.6) for 0 to 5 seconds. Consequently, in line with Definition
2.1, the CLS is FTB with regard to (0.1, 4.6, [0, 5],1,0.6). Fig.5-Fig.6 and Table 1 show that the triggering
number under the DETS is less than the one in the SETS . In other words, the triggering under the SETS

is more frequent than the one under the DETS.

Table 1: Distinct control schemes

Control scheme K;g Triggering number
Ky, = [-5.5221, —2.5181, —2.1123]
K5 = [—4.3245,—1.4781, —2.0388]
DETS K13 =[—2.0326,—3.6149, —1.7143] 30
Koy = [—2.3704, —3.2247, —1.5427|
Koy = [—4.0126, —1.4281, —1.2827)
Ks3 = [—3.5186, —4.3135, —1.9017]
Ky =[-11.2327,-17.3302, —14.5187]
K5 = [-7.3431,-10.7341, —15.3162]
K3 =[-7.0326, —18.5249, —13.6234]
SETS Ko =[-11.1959,—22.2141,—25.2029] 117
Koy = [—9.2504, —13.7324, —18.3048]
Ks3 = [—12.6203, —8.2219, —21.1703]

5. Conclusions

In the article, the issue of finite-time event-triggered sliding mode control (SMC) is investigated for
a class of interval type-II fuzzy Markov jump systems with partially known transition probabilities. For
the sake of saving network resources, a dynamic event-triggered scheme (DETS) is proposed to determine
whether to transmit the signal or not. The mismatched membership functions between the system and the
controller are solved, and we obtain less conservative stability conditions. Then, a suitable fuzzy SMC law
is devised that makes the state trajectory of the system reach the specified sliding surface in finite-time.
Thereafter, the sufficient conditions of finite-time boundedness(FTB) in the reaching phase and sliding phase
are derived by the time partition strategy. Besides, the suitable fuzzy controller has been computed. Finally,
an example is presented to validate the effectiveness of the proposed control scheme. In the future, we will
extend the theory to multiagent systems and combine it with distinct types of event-triggered schemes, such

as resilient adaptive event-triggered scheme.
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