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Abstract—This brief investigates event-triggered sliding mode
control (SMC) for fuzzy semi-Markovian jump systems (S-MJSs)
subject to limited communication capacity, in which we con-
sider the network-induced transmission delay, dead-zone input
and partially unknown transition rates of jumping mode in a
whole framework. First, an event-triggered mechanism (ETM)
is employed in the sensor-to-controller channel to save network
resources efficiently. Then, a novel integral sliding surface is
obtained with the aid of the event-triggered state information,
and some new sufficient conditions on the stochastic stability
of the overall closed-loop system are given in the sense of par-
tially unknown transition rates via stochastic stability theory and
matrix inequality method. Furthermore, a mode-depended slid-
ing mode controller is designed to guarantee the reachability of
the sliding surface in finite time by using the Lyapunov stability
theory. Finally, a TD circuit model is provided to illustrate the
validity of the proposed control scheme.

Index Terms—Sliding mode control, fuzzy semi-Markovian
systems, dead-zone input, event-triggered mechanism.

I. INTRODUCTION

IN RECENT decades, Markovian jump systems (MJSs)
have received significant investigation owing to their pow-

erful capability for the physical systems subject to the abruptly
random fluctuations [1]. As a kind of more general MJSs,
S-MJSs are attracting extensive attention from a large number
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of researchers. The time-varying transition rates (TRs) of
S-MJSs are related to the sojourn time, in contrast to the
fixed TRs in MJSs [2]. So S-MJSs are more appropriate to
reflect physical systems with uncertain TRs than MJSs. The
investigation and control synthesis of S-MJSs in industrial
engineering are quite fruitful [3], [4], [5]. Meanwhile, the
intervention of realistic factors and the nonlinear feature of the
physical model make the theoretical analysis of S-MJSs more
complicated. Thus, the Takagi-Sugeno (T-S) fuzzy method is
proposed to efficiently solve nonlinear characteristics. Over
the years, many scholars gave a large number of meaningful
work of S-MJSs by T-S fuzzy method [6], [7].

Due to the limitation of communication bandwidth, some
unexpected interfering factors, such as data packet loss and
communication delays, may occur, which will interfere with
the controller to obtain the jumping mode information of
systems accurately [8]. The above phenomenon will seriously
degrade the performance of the system and lead to more com-
plex control design. Thus, the ETM is proposed to lower
the congestion of communication network by decreasing the
quantity of unessential information during the transmission
process. Event-triggered control problems of S-MJSs have
attracted widespread concern and plenty of literature have
been published [9], [10], [11], [12], [13]. However, the exist-
ing event-triggered control results are not concerned with the
S-MJSs, which constitutes the first motivation of the current
work.

As is known to all, the SMC has been proven as a valid
strategy for handling the stabilization problems in many non-
linear complex systems on account of its strong robustness and
fast response [14]. Thus, a mass of excellent SMC accom-
plishments have been published in recent years [3], [15].
According to the exiting works associating with SMC of
S-MJSs, the time-varying TRs can be handled by different
methods. Moreover, dead-zone input, as a class of significant
nonlinear input, has attracted extensive attentions and plenti-
ful results have been given [16], [17]. Despite the fact, the
aforementioned works cannot be simply applied to the event-
triggered SMC design for fuzzy S-MJSs with dead-zone input
owing to its special structure. So how to construct the sliding
surface and design the reliable sliding mode controller sub-
ject to event-triggered communication and dead-zone input is
a challenging work, which constitutes the second motivation
of this brief.
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Inspired by these ideas, we investigate event-triggered SMC
for fuzzy S-MJSs with dead-zone input in this brief. Compared
with [2], more general S-MJSs have been studied, and the
core and novel characteristics of this brief can be general-
ized as: (1) Propose an event-triggered integral-type fuzzy
sliding mode control technique for networked S-MJSs to
reduce network bandwidth burden and save network resources.
(2) Investigate the stochastic stability of the closed-loop fuzzy
S-MJSs and a set of sufficient conditions are proposed subject
to general uncertain TRs, especially for completely unknown
situations. (3) Under the premise of dead-zone nonlinear input,
the designed SMC law guarantees the finite-time accessibil-
ity of the sliding surface. What’more, the SMC law makes
the realization of the stability of nonlinear systems more
convenient in practical applications.

Notations: sym{B} is BT + B.

II. PROBLEM FORMULATION

A. T-S Fuzzy Model of S-MJSs

The T-S fuzzy model is represented by IF-THEN rules to
solve nonlinear S-MJSs on the probability space (�,F,P) as
follows:

Plant Rule i: IF μj(t) is Fij (i = 1, 2, . . . , r; j = 1, 2, . . . , p),
THEN{

ẋ(t) = Ai(rt)x(t)+ Bi(rt)(ϕ(z(t))+ h(x(t), t)),
x(0) = ψ(0),

(1)

where x(t) ∈ Rn, z(t) ∈ Rm represent the system state
and control input; Ai(rt),Bi(rt) are known constant matri-
ces with proper dimensions; ϕ(z(t)) denotes the nonlinear
function in regard to z(t); h(x(t), t) is the uncertain param-
eter; μ1(t), μ2(t), . . . , μp(t) are available premise variable;
Fij are the fuzzy set. {rt, t ≥ 0} represents a continuous-
time semi-Markov process taking values in a discrete space
S = {1, 2, . . . , s} with TPs described by:

Pr{rt+δ = v|rt = g} =
{
ξgv(δ)δ + o(δ), g �= v,
1 + ξgv(δ)δ + o(δ), g = v,

(2)

where δ > 0 denotes the sojourn time independent of t and
limδ→0o(δ)/δ = 0, ξgv(δ) > 0 if g �= v and ξgg(δ) =
−∑s

g �=v ξgv(δ) < 0.
In this brief, consider transition rates about the semi-Markov

process are partially inaccessible or not exactly accessible, and
the upper and lower bounds exist. ξgv(δ) ∈ [ξ

gv
, ξgv], where

ξ
gv

and ξgv are known constants representing the lower and
the upper bounds. Then, denote ξgv(δ) = ξgv +�ξgv(δ), where
ξgv = 1

2 (ξgv
+ ξgv), |�ξgv(δ)| ≤ λgv with λgv = 1

2 (ξgv − ξ
gv
).

For brevity, define 	 = 	g,k ∪	g,uk with

	g,k = {k : ξgv is not exacly konwn, v ∈ s
}
,

	g,uk = {k : ξgv is completely unknown, v ∈ s
}
.

Consider 	g,k �= ∅ and 	g,uk �= ∅. Then, indicate the
following set 	g,k = {kg,1, kg,2, . . . , kg,c}, 1 < c < s.

The system (1) can be deduced as:

ẋ(t) =
r∑

i=1

qi(μ(t))(Ai(g)x(t)+ Bi(g)(ϕ(z(t))+ h(x(t), t))), (3)

Fig. 1. The diagram of control system with event generator.

where μ(t) = [μ1(t), μ2(t), . . . , μp(t)]T , qi(μ(t)) =∏p
j=1 ςij(μj(t))/

∑r
i=1
∏p

j=1 ςij(μj(t)) is the membership func-
tion. ςij(μj(t)) is the grade membership of μj(t) in ςij. Here
we have ςij(μj(t)) ≥ 0 and qi(μ(t)) satisfies 1 ≥ qi(μ(t)) ≥ 0,∑r

i=1 qi(μ(t)) = 1 for t > 0. For the T-S fuzzy S-MJSs (3), the
object of this brief is to construct reliable control input z(t) to
achieve the stabilization of system under the implementation
of nonlinear control inputs ϕ(z(t)).

The control framework of the systems is illustrated in
Figure 1.

B. Event-Triggered Mechanism

Design an event generator to cope with energy consump-
tion and computational constraints. The triggering threshold
is proposed as

εE
(
x(ik�)

T�gx(ik�)
)
< E([x(ik + l)�− x(ik�)]

T

�g[x(ik + l)�− x(ik�)]) (4)

where ε ∈ [0, 1) represents a known triggering parameter. �g

denotes a symmetric positive definite matrix corresponding to
mode g. � is the sampling period.

Remark 1: In the judgment rule (4), ik�(ik ∈ N, k =
0, 1 · · · ∞, i0 = 0}) denotes the release instant. Suppose
that the network-induced delay is bk ∈ [bm, bM]. Denote
tk = ik� + bk to simplify the representation, and assume the
initial state x(0) is successfully transmitted.

Similar to [18], the [tk, tk+1) can be separated into ∪p̂k
l=1Dl =

[tk, tk+1), where Dl = [tk + j�, tk + j�+�) and p̂k = min{p|tk +
(l − 1)� ≥ tk+1, p = 1, 2, . . . , }. For t ∈ Dl, define τk(t) and
ek(t) as τk(t) = t−(ik+l)� and ek(t) = x(ik�)−x((ik+l)�). We
can easily get x(ik�) = ek(t)+ x(t − τk(t)), and bm ≤ τk(t) <
bk + � ≤ bM + � = b̄M .

Based on the event-triggered rule (4), for t ∈ [tk, tk+1), it
satisfies

E

(
ek

T(t)�gek(t)
) ≤ εE([ek(t)+ x(t − τk(t))]

T

�g[ek(t)+ x(t − τk(t))]). (5)

C. Event-Triggered SMC Dynamics

Consider a fuzzy-logic integral sliding mode to decide the
corresponding event-triggered SMC dynamics

s(t) = G(g)x(t)−
∫ t

0

r∑
i=1

qi(μ(t))(G(g)(Ai(g)

+ Bi(g)K(g))x(s))ds, (6)
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where K(g) ∈ Rni is real matrices to be pre-defined to make
Ai(g)+ Bi(g)K(g) is Hurwitz and G(g)T ∈ Rn is selected to
enable G(g)∑r

i=1 qi(μ(t))Bi(g) is nonsingular. Then, ṡ(t) is
inferred as:

ṡ(t) =
r∑

i=1

qi(μ(t))G(g)[Bi(g)((ϕ(z(t))

+ h(x(t), t))− Bi(g)K(g)x(t)]. (7)

When the trajectories of states reach onto the designed sliding
surface, there are ṡ(t) = 0 and s(t) = 0. Therefore, the event-
triggered equivalent control from (7) is deduced as:

ϕ(ueq) = K(g)x(ik�)− h(x(t), t)). (8)

Under the control input ϕ(ueq), x(t − τk(t)) and ek, (3) can
be deduced by:

ẋ(t) =
r∑

i=1

qi(μ(t))(Ai(g)x(t)+ Bi(g)K(g)

× x(t − τk(t))+ Bi(g)K(g)ek(t)). (9)

Definition 1 [3]: Define the dead-zone function ϕ(z(t)) as:

ϕ(z(t)) =
⎧⎨
⎩
ϕa(z(t))(z(t)− za), z(t) > za,

0, −zb ≤ z(t) ≤ za,

ϕb(z(t))(z(t)+ zb), z(t) < −zb,

(10)

where ϕa(z(t)) ≥ ha > 0 and ϕb(z(t)) ≥ hb > 0 are the
nonlinear functions of z(t), za, zb, ha, hb are positive constants.

Lemma 1 [19]: For any real number ρ, and any square
matrix Y , there holds ρ(Y + YT) ≤ ρ2R̄ + YR̄−1YT for any
matrix R̄ > 0.

Assumption 1: ||h(x(t), t)|| ≤ σ and σ is a given positive
constant.

Assumption 2: The dead-zone function ϕ(z(t)) is antisym-
metry about the origin, so za = zb = z†, ha = hb = h. Based
on above condition, the (10) can be rewritten as

(z(t)− z†)ϕ(z(t)) ≥ h(z(t)− z†)
2, z(t) > z†,

(z(t)+ z†)ϕ(z(t)) ≥ h(z(t)+ z†)
2, z(t) < −z†. (11)

III. MAIN RESULTS

In this section, Theorem 1 investigates the stochastic sta-
bility of the closed-loop fuzzy S-MJSs (9), and a series of
stochastic stability conditions are proposed. Theorem 2 focuses
on analyzing the reachability of the sliding surface.

Theorem 1: For given scalars bM > bm > 0, ε ∈ [0, 1), the
resultant closed-loop system (9) running on the sliding mode
surface s(t) = 0 is stochastically stable, if there exist matrices
Pg > 0, Tg,v > 0, Zg,v > 0, Hg,v > 0, �g > 0 and matrices
Mng(n = 1, 2, 3) with compatible dimensions such that the
following inequality constraints hold

Case I, if g ∈ 	g,k,∀l ∈ 	g,uk,	g,k = {kg,1,kg,2,, . . . kg,o1},⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎝

�1
ig � M̂1g M̂2g M̂3g C12

g

� − 1
b̄M

R3 0 0 0 0

� � − 1
bM

R3 0 0 0
� � � − 1

b R3 0 0
� � � � − 1

b R3 0
� � � � � C13

g

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎠
< 0, (12)

Case II, if g ∈ 	g,uk,∀l ∈ 	g,uk,	g,k =
{kg,1,kg,2,, . . . kg,o2},

Pg − Pl ≥ 0,⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎝

�2
ig � M̂1g M̂2g M̂3g C22

g

� − 1
b̄M

R3 0 0 0 0

� � − 1
bM

R3 0 0 0

� � � − 1
b R3 0 0

� � � � − 1
b R3 0

� � � � � C23
g

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎠
< 0, (13)

Case III, if g ∈ 	g,uk,	g,k = ∅, l �= k, l ∈ Dl,k,⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎝

�3
ig � M̂1g M̂2g M̂3g C32

g

� − 1
b̄M

R3 0 0 0 0

� � − 1
bM

R3 0 0 0
� � � − 1

b R3 0 0
� � � � − 1

b R3 0
� � � � � C33

g

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎠
< 0, (14)

where �k
ig is described as

⎛
⎜⎜⎜⎜⎝

Ck1
ig −M1g Bi(g)K(g) 0 Bi(g)K(g)
� ϒ2 −M2g 0 0
� � ϒ3 −M3g ε�T

g
� � � −R2 0
� � � � (ε − 1)�g

⎞
⎟⎟⎟⎟⎠.

Moreover, the remaining scalars are provided as

ϒ2 = −R1 + M2g + M2g
T , ϒ3 = ε�g + M3g + M3g

T ,

M̂1g = [M1g
T , 0, 0, 0, 0]

T
, M̂2g = [0,M2g

T , 0, 0, 0]
T
,

M̂3g = [0, 0,M3g
T , 0, 0]

T
, b = b̄M − bm,

� = [(Ai(g)), 0, (Bi(g)K(g)), 0, (Bi(g)K(g))]TR3,

C11
ig = sym{PgAi(g)} + R1 + R2 + M1g + M1g

T

+
∑

v∈	g,k

[ (λgv)
2

4
Tgv + ξgv(Pv − Pl)

]
,

C12
g = [(Pkg,1 − Pl), . . . , (Pkg,c1 − Pl)],

C13
g = [ − Tgkg,1, . . . ,−Tgkg,c1 ],

C21
ig = sym{PgAi(g)} + R1 + R2 + M1g + M1g

T

+
∑

v∈	g,k

[ (λgv)
2

4
Zgv + ξgv(Pv − Pl)

]
,

C22
g = [(Pkg,1 − Pl), . . . , (Pkg,c2 − Pl)],

C23
g = [ − Zgkg,1, . . . ,−Zgkg,c2 ],

C31
ig = sym{PgAi(g)} + R1 + R2 + M1g + M1g

T

+ ag
(λll)

2

4
Hgg + agξll(Pg − Pl),

C32
g = ag(Pg − Pl), C33

g = −agHgg.

Proof: Choose the semi-Markovian Lyapunov functional

V(x(t), rt) =
3∑

j=1

Vj(x(t), rt),
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where V1(x(t), rt) = x(t)P(rt)x(t), V2(x(t), rt) =∫ t
t−bm

x(s)R1x(s)ds + ∫ t
t−b̄M

x(s)R2x(s)ds and V3(x(t), rt) =∫ 0
−b̄M

∫ t
t+μ ẋ(s)R3ẋ(s)dsdμ.

On the basis of the definition of weak infinitesimal opera-
tor [5], one gets

LV(x(t), g) = 2xT (t)Pg

r∑
i=1

qi(μ)[Ai(g)x(t)

+ Bi(g)K(g)x(t − τk(t))+ Bi(g)K(g)ek(t)]

+ xT (t)(R1 + R2)x(t)+ xT (t)
r∑

v=1

ξgv(δ)Pvx(t)

+ b̄MẋT (t)R3ẋ(t)− xT (t − bm)R1x(t − bm)

− xT (t − b̄M)R2x(t − b̄M)−
∫ t

t−b̄M

ẋT (s)R3ẋ(s)ds

+ ϑ1 + ϑ2 + ϑ3, (15)

where ϑ1 = 2xT(t)M1g[x(t) − x(t − bm) − ∫ t
t−bm

ẋ(s)ds] = 0,

ϑ2 = 2xT(t−bm)M2g[x(t−bm)−x(t−τk(t))−
∫ t−bm

t−τk(t)
ẋ(s)ds] =

0, ϑ3 = 2xT(t − τk(t))M3g[x(t − τk(t)) − x(t − b̄M) −∫ t−τk(t)
t−b̄M

ẋ(s)ds] = 0 for Mng(n = 1, 2, 3) with compatible
dimensions.

Considering the event-triggering scheme (5) at [tk, tk+1), it
yields

E(LV(x(t), g)) ≤ E(

r∑
i=1

qi(μ){ζ T(t)�̄igζ(t)}), (16)

where �̄ig = �ig + diag{∑r
v=1 ξgv(δ)Pv, 0, 0, 0, 0}, ζ(t) =

[xT(t), xT(t − bm), xT(t − τ(t)), xT(t − b̄M), ek
T(t)]

T
ϒ1 =

sym{PgAi(g)} + R1 + R2 + M1g + M1g
T + bmM1gR3

−1M1g
T ,

ϒ̄2 = −R1 + M2g + M2g
T + bmM2gR3

−1M2g
T , ϒ̄3 = ε�T

g +
M3g + M3g

T + bmM3gR3
−1M3g

T , and

�ig =

⎡
⎢⎢⎢⎢⎣

ϒ1 −M1g Bi(g)K(g) 0 Bi(g)K(g)
� ϒ̄2 −M2g 0 0
� � ϒ̄3 −M3g ε�T

g
� � � −R2 0
� � � � (ε − 1)�g

⎤
⎥⎥⎥⎥⎦

+ b̄M

⎡
⎢⎢⎢⎢⎣

(Ai(g))T

0
(Bi(g)K(g))T

0
(Bi(g)K(g))T

⎤
⎥⎥⎥⎥⎦R3

⎡
⎢⎢⎢⎢⎣

(Ai(g))T

0
(Bi(g)K(g))T

0
(Bi(g)K(g))T

⎤
⎥⎥⎥⎥⎦

T

.

Based on the definition of stochastic stability [20], the
system (9) is stochastically stable if �̄ig < 0. Therefore, the
corresponding proof is separated into three cases below.

Case I: g ∈ 	g,k. Define λg,v = ∑
v∈	g,k

ξgv(δ). Since
	g,uk �= ∅, it obviously holds that λg,v < 0.

∑s
v=1 ξgv(δ)Pv

is equivalent to

s∑
v=1

ξgv(δ)Pv =
∑

v∈	g,k

ξgv(δ)Pv − λg,v

∑
v∈	g,uk

ξgv(δ)

−λg,v
Pv. (17)

Notice 0 ≤ ξgv(δ)/− λg,v ≤ 1(v ∈ 	g,k),
∑

v∈	g,uk

ξgv(δ)

−λg,v
= 1.

Therefore, for ∀l ∈ 	g,uk. Thus, for 0 ≤ ξgv(δ) ≤ −λg,v,

�̄ig < 0 can be guaranteed by the inequality

�ig + diag{
∑

v∈	g,k

ξgv(δ)(Pv − Pl), 0, 0, 0, 0} < 0. (18)

Based on (18) and Lemma 1, for any Tgv > 0, one gets∑
v∈	g,k

�ξgv(δ)(Pv − Pl)

≤
∑

v∈	g,k

[
(λgv)

2

4
Tgv + (Pv − Pl)(Tgv)

−1(Pv − Pl)
T ]. (19)

By combining (17)-(19) and utilizing the Schur complement,
�̄ig < 0 give rise to inequality (12).

Case II: g ∈ 	g,uk and 	g,k �= ∅. Letting λg,v =∑
v∈	g,k

ξgv(δ), it holds λg,v > 0.
∑s

v=1 ξgv(δ)Pv can be
written as:

s∑
v=1

ξgv(δ)Pv =
∑

v∈	g,k

ξgv(δ)Pv + ξgg(δ)Pg

− (ξgg(δ)+ λg,v)
∑

v∈	g,uk
v �=g

ξgv(δ)Pv

−(ξgg(δ)+ λg,v)
. (20)

Similar with Case I, ξgg(δ) < 0, �̄ig < 0 can be guaranteed
by the following inequalities

Pg − Pl ≥ 0,

�ig + diag{
∑

v∈	g,k

ξgv(δ)(Pv − Pl), 0, 0, 0, 0} < 0. (21)

And, it holds that for Zgv > 0,∑
v∈	g,k

ξgv(δ)(Pv − Pl) ≤
∑

v∈	g,k

ξgv(Pv − Pl)

+
∑

v∈	g,k

[
(λgv)

2

4
Zgv + (Pv − Pl)(Zgv)

−1(Pv − Pl)
T ]. (22)

Combining (20)-(22) and the Schur complement, it can be
deduced that (13) guarantees �̄ig < 0 to be held.

Case III: g ∈ 	g,uk,	g,k = ∅. Suppose that there exists l �=
g, l ∈ 	l,k. Similar to the method in literature [3], ξgg(δ) can be
estimated by agξll(δ) in which ag is a parameter to be solved.
Denoting λg,v = ξgg(δ),

∑s
l=1 ξgl(δ)Pl can be presented as

s∑
v=1

ξgv(δ)Pl = ξgg(δ)Pg − λg,l

∑
l∈	g,uk

ξgv(δ)

−λg,l
Pv. (23)

Notice that
∑

l∈	g,uk
ξgv(δ) = −ξgg(δ) = −λg,v > 0, ∀l ∈

	g,uk. One gets

�̄ig = �ig + diag{agξll(δ)(Pg − Pl), 0, 0, 0, 0}. (24)

Similarly, for any Hgg > 0, we have

�ξll(δ)(Pg − Pl) ≤
[ (λll)

2

4
Hgg + (Pg − Pl)

× (Hgg)
−1(Pg − Pl)

T
]
. (25)

By combining (23)-(25) and adopting the Schur comple-
ment, �̄ig < 0 holds if there exists inequality (14). In
summary, the system (9) meets stochastic stability.
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Remark 2: The problem of control design on S-MJSs was
early proposed in [4] by setting the upper and lower bounds
of the TRs. To handle the more general TRs especially for
completely unknown situations, we employ the method in [3]
to estimate the completely unknown TRs by other diagonal
components of TR matrix. For case III in Theorem 1, the TRs
from one mode to others are totally inaccessible. Here, an
optimal algorithm is proposed as follows:

max ag > 0, s.t, LMIs (12) − (14)

with feasible Pg,Tg,v,Zg,v and Hg,v. (26)

Theorem 2: The function of sliding mode surface has been
designed in (6). The sliding mode controller will be con-
structed to force the state trajectories of S-MJSs to the sliding
surface in finite time. The following SMC law for t ∈ [tk, tk+1)

is executed as:

z(t) = − s(t)

||s(t)|| (κ(t)+ z†), (27)

where κ(t) = 1
h [σ + ‖K(g)‖(1 +

√
ε λ
λ
)‖x(tk�)‖ + κ] with

κ as a small positive scalar, λ = min
g∈S

{λmin(�g)} and λ =
max
g∈S

{λmax(�g)}.
Proof: Assume Lyapunov functional as V(t) = [sT(t)s(t)]

1
2 .

One derives that

LV(t) = s(t)

||s(t)||
r∑

i=1

qi(μ)G(g)Bi(g)((ϕ(z(t))

+ h(x(t), t)− K(g)x(t)). (28)

Based on the method in [9], select G(g) to make
G(g)∑r

i=1 qi(μ(t))Bi(g) = 1. And combining (5), the inequal-
ity can be inferred from (28).

LV(t)
= s(t)

||s(t)|| (ϕ(z(t))+ h(x(t), t)− K(g)(ek(t)+ x(tk�)))

≤ s(t)

||s(t)|| (ϕ(z(t))+ σ + ‖K(g)‖(1 +
√√√√ε λ̄

λ
−
)‖x(tk�)‖), (29)

It can be deduced from (27)

z(t)+ s(t)

||s(t)|| z† = − s(t)

||s(t)||κ(t). (30)

According to (11), it holds that

(z(t)+ s(t)

‖s(t)‖ z†)ϕ(z(t)) ≥ h(z(t)+ s(t)

‖s(t)‖ z†)
2

. (31)

Combining (29), (30) and (31), it yields that

LV(t) ≤ −hκ(t)+ (σ + ‖K(g)‖(1 +
√
ε
λ

λ
)‖x(tk�)‖) (32)

Substituting κi(t) into (32) and taking expectation after inte-
grating from 0 to t, it yields

E(V(t)) ≤ E(V(0))− κt. (33)

From above formula, it gets E||(s(t))|| = 0 if t ≥ t̃ = E(V(0))
κ

,
which means s(t) = 0 can be guaranteed by t ≥ t̃. The proof
is completed.

Remark 3: It is well known that chattering effect will be
caused by symbolic function sgn(s(t)) in [14], which degrades
system performance and puts more burden on the actuator.
s(t)/(‖s(t)‖+γ ) can be substituted for sgn(s(t)) to reduce the
chattering phenomenon effectively, where γ is a small con-
stant. Next, a simulation example will suffice to illustrate the
effectiveness of the proposed design method.

IV. SIMULATION EXAMPLE

Consider a class of electric circuit model in [6], which
includes parasitic capacitor and nonlinear resistor. According
to Kirchoff voltage and current law, the relevant equation is
described as:{

LİL(t) = −RIL(t)− vc(t)+ U
Cv̇c(t) = IL(t)− 1

5 (v
3
c(t)− vc(t))+ bU

where the physical meanings of IL(t) and vc(t) are inductor
current and capacitor voltage. b and R are chosen as b = 0.5,
R = 2. L and C have three different modes as [6].

The matching TR matrix is given by⎛
⎝−2.0 +�ξ11(δ) ? ?

? ? 1.0 +�ξ23(δ)

? ? ?

⎞
⎠.

Assume voltage U as the control input and x(t) =
[x1(t)x2(t)]T = [IL(t)vc(t)]T . Consequence, the membership
functions q1(x2(t)) and q2(x2(t)) are chosen, as q2(x2(t)) =
1 − q1(x2(t)) with q1(x2(t)) = 1 − x2

2(t)
9 . It is known that

q1(x2(t)) = 1 and q2(x2(t)) = 0 when x2(t) is about 0 rad,
and q1(x2(t)) = 0 and q2(x2(t)) = 1 when x2(t) is about 3 rad
or -3 rad. Then, two-rule fuzzy model parameters of electric
circuit system can be described as:

A1(1) =
[−20 −10

10 2

]
,A2(1) =

[−20 −10
10 −16

]
,

A1(2) =
[−10 −5

2 0.4

]
,A2(2) =

[−10 −5
2 −3.2

]
,

A1(3) =
[−4 −2

1 0.2

]
,A2(3) =

[−4 −2
1 −1.6

]
,

Bi(1) =
[

0
1

]
,Bi(2) =

[
0

0.5

]
,Bi(3) =

[
0

0.8

]
,

K(g) = [1 −1
]
, (i = 1, 2,m = 1, 2, 3).

The dead-zone nonlinear input function is proposed by:

ϕ(z(t)) =
⎧⎨
⎩
(1.5 − 0.6e0.4|sin z(t)|)(z(t)− z†) z(t) > z†
0 |z(t)| ≤ z†

(1.5 − 0.6e0.4|sin z(t)|)(z(t)+ z†) z(t) < −z†

Subsequently, the parameters of the system are given by:
z† = 2, σ = 0.5, G(1) = [01], G(2) = [02], G(3) = [01.25],
h(x(t), t) = 0.4 cos x(t), �ξkl(δ) ≤ |0.15 ∗ ξkl|, bm = 0.1
and b̄M = 0.9, � = 0.03, b = 0.5, κ = 0.01. γ in
s(t)/(|s(t)| + γ ) is 0.0001. Notice that ξ3l(δ)(l = 1, 2, 3)
are all unknown, thus, we solve optimization algorithm (26)
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Fig. 2. State response of the system under SMC.

via MATLAB tool-box to obtain the following feasible
solutions:

a3 = 12.3019,�1 = 92.0687, �2 = 87.9311, �3 = 87.7904.

Choosing x0 = [1 −1]T as the initial state, the simula-
tion results are displayed in Figure 2, which depicts the state
response of the system under SMC. Obviously, the state can
converge to 0 in 1.5s.

V. CONCLUSION

In this brief, we have studied the event-triggered SMC
for fuzzy S-MJSs under the constraint of dead-zone input
and partially known TRs. The sufficient conditions have been
proposed to guarantee the stochastic stability of the fuzzy
S-MJSs. Then, the SMC law is proposed to realize finite-time
reachability of the designed sliding surface. In the end, an
electric circuit system is exhibited to validate the merits of
theoretical results. The proposed strategy can be developed
in other real systems such as DC motors [8]. Moreover, the
dead zone input is assumed to be antisymmetric, so the event-
triggered control problem of S-MJSs can be extended to the
case of asymmetric dead zone, which will be an interesting
topic for our future work.
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