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Abstract: This paper studies the sliding mode control for T-S fuzzy systems in the framework
of finite-time boundedness. It is assumed that the control signals are transmitted via vulnerable
channels, where injection attacks might happen. A fuzzy sliding mode controller is firstly
synthesized to guarantee the finite-time reachability of the prescribed sliding surface and
attenuate the effect of the injection attacks. By introducing a partitioning strategy, the finite-
time boundedness over both the reaching phase and the sliding motion phase are analyzed.
Furthermore, sufficient criteria are derived such that the closed-loop system is finite-time
bounded over the whole specified finite-time interval despite of the injection attacks. An optimal
algorithm is further provided for searching ideal control gains with fewer energy demands.
Finally, a simulation example verifies the proposed sliding mode control approach.
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1. INTRODUCTION

Takagi-Sugeno (T-S) fuzzy model has been widely uti-
lized to control complicated nonlinear systems due to its
powerful capacity for representing nonlinear plants by a
collection of linear subsystems (Sala and Arino (2007); Niu
et al. (2010)). In the past decades, considerable research
interests have been devoted to T-S fuzzy systems using
different control approaches, e.g., state feedback control
(Zhou and Han (2019)), Ho, control (Song et al. (2018a)),
sampled control (Wu et al. (2015)), sliding mode control
(SMC) (Li et al. (2018)) and so on.

As an effective robust control approach, SMC has received
substantial attention owing to its simplicity and insensi-
tivity to matched disturbances and parameter variations
(Song et al. (2018b); Chen et al. (2013); Utkin and Shi
(1996); Zhang et al. (2019)). Taking the advantages of T-
S fuzzy modeling method and the SMC, fruitful research
results have been reported. For example, the SMC for T-S
fuzzy systems were studied in (Li et al. (2018)) and Wang
et al. (2018) based on uniformly ultimately boundedness
and asymptotically stability, respectively.

Recently, some initial efforts have been devoted to the
control/filtering problem subject to cyber attacks, e.g.
Denial-of-Service attacks (Zhao et al. (2019)), replay at-
tacks (Zhu and Martinez (2014)), injection attacks (Jin
et al. (2017)) and so on. Especially, the adaptive SMC for
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T-S fuzzy systems under injection attacks was investigated
in Zhang et al. (2020), where the input-to-state stability
were achieved for the closed-loop fuzzy systems.

It is worthy to notice that the above results were de-
rived within an infinite time interval. In practice, many
industrial applications (e.g., robot control system, chem-
ical reaction process, and guided missile launch system)
only have a finite or short working time, during which
the states or outputs are expected to avoid exceeding the
prescribed physical threshold. This has triggered the re-
search on finite-time stability (FT'S)/boundedness (FTB).
FTS means that the state norm remains in a given region
during a finite-time interval under bounded initial states
(Michel and Wu (1969)). Amato et al. (2001) extended
the definition of FTS to FTB. A system is FTB if for
bounded initial states and bounded disturbances, the s-
tates stay in the predefined bound in a fixed time interval.
Recently, the authors in Song et al. (2017) investigated
the SMC for nonlinear systems with external disturbance
based on FTB. And then, this SMC approach on FTB has
been extended to various systems, e.g., Markovian jump
systems (Cao et al. (2019)), switched systems (Zhao and
Niu (2019)), T-S fuzzy systems (Jiang et al. (2019)) and
so on. Nevertheless, to the authors’ best knowledge, the
FTB via SMC for T-S fuzzy system subject to injection
attacks has not been fully investigated and remains open.
Moreover, the existing results cannot be directly applied
to the above case due to the existence of injection attacks,
which motivates the present work.
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This paper focuses on the finite-time boundedness of
SMC for T-S fuzzy systems subject to injection attacks.
An SMC law is proposed such that the effect of the
cyber attacks can be attenuated and the state trajectories
can be forced onto the specified sliding surface in a
finite time interval [0, 7*]. By introducing a partitioning
approach, sufficient conditions are derived to ensure the
FTB over both the reaching phase [0, 7*] and the sliding
motion phase [T*,T]. Control gains with fewer energy
requirements are obtained by an optimal algorithm.

Notations: R refers to the set of reals. ||-|| is the Euclidean
vector (or induced matrix) norm. For a real symmetric
matrix, P > 0(> 0) represents that P is a positive definite
(or positive semidefinite) matrix; I is the identity matrix
of proper dimensions. A\pin(P) (Amaz(P)) stands for the
smallest (largest) eigenvalue of P.

2. PROBLEM FORMULATION AND
PRELIMINARIES

Consider a class of nonlinear systems described by:

o(t) = fx(t), uc(t)), (1)
where z(t) € R™ is the state; u.(t) € R™ is the control
input; According to the standard T-S fuzzy modeling
method in Tanaka and Wang (2001), the original nonlinear
systems with external disturbances can be represented by
the following T S fuzzy systems:

Z@

where £(t) is the premise variable; A;, B;, C' are known
system matrices, and B; is with full column rank; The
external disturbance w(t) is assumed to satisfy Qp, 1,1, L
{wf'(t)w(t) < w? for t € [t1,ts]}, where w is a known
positive scalar. The nonlinear terms are captured by
the membership functions £;(£(¢t)) > 0 with properties

P_1Bi(&(t)) = 1. In this work, it is required that 0 <
B, < Bi(&(t)), which can be achieved by appropriately
building the fuzzy plant (more details see Lam and Leung
(2005)).

z(t) + Biue(t) + Cw(t)]  (2)

Now, we model the injection attacks as follows:

ue(t) = u(t) + oc(x(t)), 3)

where the control signal w(t) is to be designed later;
A

oe(z(t)) = ()P (x(t),t) denotes the injection attacks with
¢(t) being an unknown weighting matrix and ¥(z(t),t)
being the system information utilized by the attackers.
Furthermore, it is assumed that ||C(¢)|| < ¢, || P (xz(t),t)]] <
Y(x(t),t), where ¢ > 0 is a known scalar and ¥ (x(¢),t) > 0
is a known function. In the following, B;(£(t)), o.(z(t)),
U(x(t),t), (x(t),t) will be rewritten as 5;(§), o.(t), U(t),
(), respectively, for notational simplification.

Remark 1. The attack model (3) is motivated by (Jin
et al. (2017)), where o.(x(t)) is considered as a faulty (or
malicious) signal. Hence, it is natural to consider this cyber
attack as a special case of actuator faults. Besides, the
control signal is assumed to be continuous-time to reduce
the complexity of the analysis and synthesis.

By means of (2) and (3), the fuzzy system subject to
injection attacks can be formulated as follows:

= _Z Bi(&)[Aiz(t) + Bi(u(t) + oo(t)) + Cw(t)] (4)

Definition 1. Amato et al. (2001) Given scalars ¢i,co >
0 with ¢; < c¢9, a weighted matrix R > 0 and a
time interval [t1,¢s]. The fuzzy system (4) is FTB w.r.t.
(e1, 2, [t1, 2], Ry Qe ),0) if

.Z‘T(tl)R.T(tl) <c = l‘T(tQ)RLIJ(tQ) < ey (5)
for any t € [t1,t2].

The objective of this work is to realize the FTB of the
controlled nonlinear systems and eliminate the effect of
the injection attacks via a sliding mode controller.

3. MAIN RESULTS

Design the following integral sliding function s(t) € R™:
t P P
s(t) =Gu(t) - G / DD Bi€)B (&) Aya(r)dr,  (6)
0 =1 4=1
where A;; 2 A+ B;K; and K; will be designed later.

G is chosen such that GB; > 0 (or GB; < 0) for all
i =1,2,...,p. Then, it follows from (4) and (6) that

Z Bi(&)GBy(
- GZ Z Bi(€)8;(€)

i=1 j=1
Now, we design the following SMC laW'

Zﬁj Zﬁl )GB;)
X sgn( (), (8)
t) =" Bi(&GBilI¢y(t) + |GC|w + v, 9)

i=1

)+ 0.(t)) + GCw(t)

with v > 0.

In the sequel, it is firstly demonstrated that the specified
sliding surface s(t) = 0 can be reached during a finite-
time interval [0, 7*] with 7* < T by using the SMC law
in (8)-(9). Meanwhile, the FTB of the closed-loop system
over both the reaching phase [0, 7*] and the sliding motion
phase [T*,T] can be ensured despite of injection attacks.

8.1 Reachability Analysis

In this subsection, the finite-time reachability of the pre-
scribed sliding surface s(¢) = 0 will be analyzed.

Theorem 1. For a given finite (possibly short) time T
and a sufficiently small scalar ¢ > 0, if the SMC law is
synthesized by (8)-(9) with the parameter v satisfying

> 1621
T —e¢
the states of the fuzzy system (4) will be driven onto the
specified sliding surface s(t) = 0 in finite time 7* with
T <T.

(10)

Proof. Chose the Lyapunov function candidate as V; (t) £
15T (t)s(t). By using (7)-(9), we have

TA(t) = 57 (8)3(t) < —v]ls(D)].
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Noting that ||s(t)|| = v/2Vi(t), one has

Vi(t) < —V2u/Vi(). (11)
Integrating both sides of (11) from 0 to T* leads to
. 1
T < 7\/‘/1 *II =~ Gz(0)]- (12)
Then, it follows from (1()) that
T <T—-e<T. (13)

Thus, the state trajectories will be driven onto the speci-
fied sliding surface s(t) = 0 during the interval [0, 7*] with
T <T. O

3.2 FTB Within [0, T*]

In the sequel, the FTB conditions during both the reaching
phase and the sliding motion phase will be derived by
employing a partitioning strategy.

Lemma 1. (Song et al. (2016)) (Partitioning Strategy)
For the fuzzy system (4) with the prescribed parame-
ters (c1, ¢, [t1,t2], R, Qi 44],0), the closed-loop fuzzy sys-
tem is FTB w.r.t. (c1,co, [t1,t2], R, Qi 1)), if and only
if there exists an additional scalar ¢* satisfying ¢; <
¢* < co such that the closed-loop system is FTB w.r.t.
(c1,¢*, [0, T*], R, Q, t,),w) in the reaching phase and is
FTB w.r.t. (¢, ¢z, [T*, T], R, Qt, t,),) in the sliding mo-
tion phase.

1) FTB over reaching phase within [0, 7*]

By substituting the SMC law (8)-(9) into (4), the closed-
loop fuzzy system during the reaching phase within [0, 7*]
is obtained as follows:

=33 e,

=1 j=

- Bi@ Bi(€)GB:) " o(t)sgn(s(1))].
=1

Theorem 2. For all i,7 = 1,2,--- ,p, if there exist scalars
€;, ¢* and matrices P > 0, K;, W > 0 satisfying

(&) [Ayz(t) + Bioe(t) + Cuw(t)

(14)

=i <0, (15)
Eij + Eji <0,7>1 (16)
p
3udp (D IGBl)?* +u—e "W <0, (17)
i=1
— <e M (18)
dp
A [EH «
=iy g
T ~21 AL T =22 A 3;
SiPBiB] P} £ [PC,—PBi,0)" 23 £ ding{—pl, —l.

e - uI+W}, R 2 Spey + pw? T + 3udp(|GC| 2T +
V2T), Ap 2 A,,W{( P B.GB) (Y, §.GB)!
0p & Amap{R™VZPR™Y2}, §p & Apin {R™V2PR™Y23,

the closed-loop fuzzy system (14) is FTB within the
interval [0, 7*].

Proof. Choose a Lyapunov function as follows:

/c

Va(t) £z T\Wdr. (19)
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By differentiating Va(t) along the solution of (14), we have
Va(t) =227 (t) Pir(t) + (o> ()W
PP
=Y > Bi&)B(O)[2"
i=1 j=1
— 22T (t)PB;0s(t) + QxT(t)PBioc(t)
+ 2xT( JPCw(t)] + C*(t)W (20)

with o,(t) = (S0, 6:(6)G > olt)sgn(s(t)). Recalling
that GB; > 0 (or GB < 0) for all ¢ = 1,2,. and 0<

() (PA; + A P)a(t)

B, < (6) weobtain that (21, 5(6)G5.) 30 5
xGB;)™! < ( f:léiGBi) ( —1 5, GB;) ! Thus by
using (9), one has
of (e, (1) <3As (D IIGBI) (1)
=1
+ IGC|Pw? + v2), (21)

Moreover, for €; > 0, it has
22T (t)PBjo.(t)

< el (t)PB;B] Px(t) + ;%% (t) (22)

Consider the following auxiliary function
Ty £V (t) — pVa(t) — o™ (H)w(t) — pol (t)es(t)

— uCe (). (23)
Utilizing (20) and (22) yields

T <Y BiOBOX (DZux ()

i=1 j=1

—u/ ¢H*(r)Wdr
7Zﬁ2
+ ZZ@(&)@(&)X

i=1 j>i
with x(t) = [27(t),wT(t), 0T (t),Ce(t)]T. Then, it follows

from (15)-(16) that J + Mfot C?@*(t)Wdr < 0. Conse-
quently, it has J; <0, i.e.,

Va(t) <uVa(t) + pw™ (Hw(t) + pol (t)os(t)
+ u¢PQ(t).
Multiplying both sides of (25) by e™#¢ and integrating the
obtained inequality from 0 to ¢ with ¢ € [0, 7], one has
e—/LtV'z(t)

<V2(0)+/0 pw? (T)w()dr
t T T T)aT ' 22 T
+/O pos (T)os(T)d +/O p¢= e (t)d

§N+/O ,LL(35\B(Z||GBi||)2+1>C2902(T)dT (26)

‘—"LZX

/c2 Y(r)Wdr

) (Es +E50)x(®)  (24)

(25)

in which the expression (21) is utilized. In addition, it
yields from (19):

e V() >e M5 pa™ (t) Rax(t)
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t
+ / e MY (rYWr. (27)
0

According to condition (17)-(18), one has from (26) and
(27):

N
T
' (t)Rz(t) < P
[ BEABI GBI + = e TR
0 e " Tép
R *
= m <c, (28>

which implies that the closed-loop fuzzy system (14) is
FTB in [0, 7] even in the presence of injection attacks. O

2) FTB over sliding motion phase within [7*, 7]

In this part, we will analyze the FTB of the sliding
dynamics. Letting $(¢) = 0, the equivalent control law is
obtained as follows:

Ueq(t) :Zﬁj(é-)K z(t
J=1

— o.(t).
Then, we get the following sliding mode dynamiCS'

=3 > BilO)BO [Ayalt Zﬁz )GB;)
(20)

i=1 j=1
x GCw(t) + Cw(t)].

, D, if there exist matrices

P >0, K; and scalars ¢;, c¢* satisfying

/4

— (O Bi(©GB) I GCw(t)

=1

Theorem 3. Foralli,j =1,2,---

I';; <0, (3())
Fij + Fji <0,7>1 (31>
dpc* AAc + 1)w?

pc* + p(ApAc + 1)w*T <o Te (32)

3

) 1‘\11 "

21 & T 22 A g N A
Fij - [PC7_PB] ’ Fz] - dla'g{_/J'Ia _/’[’I}a )\C =
Amaz{CTGTGC} the sliding mode dynamics (29) is FTB
over the interval [T*,T].

PAZ']' + Az;P - IU,P,

T () P(t),

Proof. For the Lyapunov function V3(t) = =
we have

T5(t) =33 Bi(€)B;(©) [ (O(P Ay + AT Pya(t)

— 2z ( )PB;is(t) 4 227 (t) PCw(t)] (33)
with @&(t) = ( 1 Bi(§)GB;)"'GCuw(t) satistying
oDT(t) (t) < Apdow? (H)w(t). (34)
Define
T2 2V3(t) — pVa(t) — pe” (e (t) — o™ ()i (t)
and x(t) £ [zT(t),wT (1), ( )T Tt yields from (33) and
conditions conditions (30)-(31) that
J2<ZZ@ )8 (X (B)(Ti + TR (1)
+> BHOXT (OTu(t) <0, (35)
i=1

which implies that

Va(t) < uVa(t) + ™ (Dwt) + 1™ (H(t).
By following the similar lines to the ones in Theorem 2
and using (34), one has

e MVa(t) <V5(T*) + / ) pw’ (T)w(T)dr

+/T* pat (7)o (r)dr

§5PC* + N(S\BS\C —+ 1)@27- (36)
On the other hand, note that
e MV (t) e T pa () Ra(t). (37)
By employing (32), (36) and (37), one has
5 ABA 1
T Rat) < 22 M 2poe HVFT _ . (38
HrS
for t € [T*,T]. Thus, the FTB of the sliding mode
dynamics (29) is verified. O

3.8 Solving Algorithm

In the sequel, sufficient conditions are provided in terms
of linear matrix inequalities (LMIs) to guarantee that the
conditions in Theorems 2 and 3 hold simultaneously.

Theorem 4. Foralli,j =1,2,---,p, if there exist matrices
Q@ >0,Y;, W and scalars c*, ki, &; satisfying (17) and

2, <0, (39)
Eij +55<0,5>1 (40)
[% —*h] <0, (41)
¢+ hp(Apio + 1)@*T < %CQH€_HT7 (42)
c1 < c* < eca, (43)
MR ‘P<Q< 2R (44)

=11
with =;; £ {Zéﬁ ;;2 ] , :11]1 A;Q+B;Y;+QAT + YTB —

ij =g
pQ, B2 £ [C, BZ,O Bi]T, 22 £ diag{—ul,—pl, &1 —
uI+W —51},0 2 — “Tc*+uw2T+3u)\B(\|GC||2 T
+ v2T), the closed- loop fuzzy system is FTB over the

whole time interval [0, 7). Moreover, the control gains are
obtained as K; = Y;Q~!

Proof. We need only prove that conditions (15)-(18),
(30)-(32) can be derived by conditions (17) and (39)-(44).
Note that Amin{R?QRY?} = s—hppmpy. It
follows from (44) that

1

6P> 0p < —

R’
by using which conditions (18) and (32) can be obtained
based on (41)-(42).

Let Q = P71, g = 5;1 and note that Y; = K;Q. By
utilizing (39)-(40), one can easily verify that conditions
(15)-(16), (30)-(31) hold. O

(45)

To solve the inequalities in Theorem 4, the parameter u
need be given in prior, which should be selected within
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the interval [0, %lnz—f] according to conditions (41)-(44).
On the other hand, as smaller control gains usually mean
fewer energy demands, it would be better if smaller control
gains can be obtained by using a suitable u. Therefore, in
the sequel, a searching algorithm is further provided to
acquire an ideal p within [0, %lni—i] such that the norm of
the control gains are minimum.

Searching Algorithm:

1) Given parameters c1, co, T, . Set v = 0.
1%

=+1In
) Let sp=0.002, N = [~ ].
) for/{=1to N
) Let n = sp £ and substitute n to LMIs (17), (39)-
(44).
) Solve LMIs (17), (39)-(44).
) if LMIs (17), (39)-(44) are feasible.
) Calculate > ¢, ||K;|| by K; = Y;Q ', where Y;
and @ are solutions of conditions (17), (39)-(44).
) Let K! = K;, v=v+ 1.
) else
)
)
)
)
)
)
)
)

i1 ?:1 || K[| = inf.
end if
end for
K= min{S0, K] S 52 S KV}
Denote min be the subscript of the minimum value.
Let p = pimin-
ify=0
Set sp = sp/2. Go to step 2).
end if

4. SIMULATION

Consider a 2-rule T-S fuzzy system with the following
parameters:

—0.1 0.7 0.1 0.3
A= [—0.5 0.3] , Bi= [—1.2} , 0= [0.2} '

—0.2 0.5 0.2

0.1. The membership functions are selected

with @
7w2 222 — .
as fi(a1(t)) = 298 By(ay (1) = BTN with by =

—0.5, by = 4.5, x1(t), z2(t) € [-2,2]. Then, we have
ﬁl(l‘l(t)),ﬁg($1(t)) > 0.1 for a:l(t) S [—2,2].

Let G = [1,0.98], R = diag{0.1,0.09}, ¢; = 0.8, ¢z = 3,
T =5, e =0.03, v = 0.03. By employing the searching
algorithm in Section 3.3, we obtain a series of p such
that LMIs (17), (39)-(44) are feasible. Fig. 1 plots the
pairs (u, || K1|| + || K2]||) for the feasible case, and the red
dot denotes the optimal value (0.068,1.7384). The optimal
solutions are given as follows:

K; =[0.2225 0.8202], ¢* = 1.7067,

K, =[0.0186 0.8884].

Thus, the desirable SMC law can be computed by (8)-(9).

In the simulation, the attack function is selected as
o(x(t)) £ 0.01cos(10t) /23 + 23 + 0.1 with ¢ = 0.01 and
P(x(t),t) = \/z% + 23 + 0.1. For initial states z(0) = [2 —

2]7, the simulation results are shown in Figs. 2-3. It is
observed form Fig. 2 that the evolution of x7(t)Rx(t)

200
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(1] (175
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60 [

40+

sk *

2or *ox * *k Kok
FHK

0 LR AT o * ¥

0.01 002 003 004 005 006 007 008 009 0.1

It

Fig. 1. The value of || K;|| + || Kzl

exceeds the given threshold c; = 3 in the open-loop case,
which implies that the open-loop system is not FTB. Con-
versely, the designed SMC law can ensure the FTB of the
closed-loop systems in spite of the injection attacks. The
reachability of the specified sliding surface with 7* < T is
illustrated in Fig. 3.

6 e
—=—- open-loop
........ closed-loop

Fig. 2. The evolution of 2T (t)Rx(t)
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003 5 %107

0.02

0.01F 1 2 3
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Fig. 3. The sliding variable s(t)
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5. CONCLUSION

In this work, we have investigated the finite-time SMC of
a class of T-S fuzzy systems subject to injection attacks.
The reachability of the specified sliding surface can be
ensured by a fuzzy sliding mode controller. The FTB of the
corresponding closed-loop fuzzy systems over the whole
time interval has been analyzed based on the partitioning
approach. It is noted that the system membership func-
tions in this paper are crisp functions. However, in prac-
tical applications, parameter uncertainties in membership
functions may happen. Thus, future work will focus on the
finite-time SMC for interval type-2 fuzzy systems.

REFERENCES

Amato, F., Ariola, M., and Dorato, P. (2001). Finite-
time control of linear systems subject to parametric un-
certainties and disturbances. Automatica, 37(9), 1459—
1463.

Cao, Z., Niu, Y., and Song, J. (2019). Sliding mod-
e control of Markovian jump cyber-physical sys-
tems against randomly occurring injection attack-
s. IEEE Transactions on Automatic Control, Doi:
10.1109/TAC.2019.2926156.

Chen, B., Niu, Y., and Zou, Y. (2013). Adaptive sliding
mode control for stochastic Markovian jumping systems
with actuator degradation. Automnatica, 49(6), 1748
1754.

Jiang, B., Karimi, H.R., Kao, Y., and Gao, C. (2019).
Takagi-Sugeno model-based sliding mode observer de-
sign for finite-time synthesis of semi-Markovian jump
systems. [FEFE Transactions on Systems, Man, and
Cybernetics: Systems, 49(7), 1505-1515.

Jin, X., Haddad, W.M., and Yucelen, T. (2017). An adap-
tive control architecture for mitigating sensor and actu-
ator attacks in cyber-physical systems. IFEE Transac-
tions on Automatic Control, 62(11), 6058-6064.

Lam, HK. and Leung, F.H.F. (2005). Stability analysis
of fuzzy control systems subject to uncertain grades of
membership. IEEFE Transactions on Systems, Man, and
Cybernetics, Part B (Cybernetics), 35(6), 1322-1325.

Li, H., Wang, J., Wu, L., Lam, HK., and Gao, Y. (2018).
Optimal guaranteed cost sliding-mode control of interval
type-2 fuzzy time-delay systems. IFEFE Transactions on
Fuzzy Systems, 26(1), 246-257.

Michel, A.N. and Wu, S.H. (1969). Stability of discrete
systems over a finite interval of time. International
Journal of Control, 9(6), 679-693.

Niu, Y., Ho, D.W.C., and Li, C. (2010). Filtering for dis-
crete fuzzy stochastic systems with sensor nonlinearities.
IEEFE Transactions on Fuzzy Systems, 18(5), 971-978.

Sala, A. and Arino, C. (2007). Asymptotically necessary
and sufficient conditions for stability and performance
in fuzzy control: applications of polya’s theorem. Fuzzy
Sets and Systems, 24(158), 2671-2686.

Song, J., Niu, Y., Lam, J., and Lam, H.K. (2018a). Fuzzy
remote tracking control for randomly varying local non-
linear models under fading and missing measurements.
IEEE Transactions on Fuzzy Systems, 26(3), 1125-1137.

Song, J., Niu, Y., and Zou, Y. (2016). Finite-time sliding
mode control synthesis under explicit output constraint.
Automatica, 65, 111-114.

Song, J., Niu, Y., and Zou, Y. (2017). Finite-time stabi-
lization via sliding mode control. IEEE Transactions on
Automatic Control, 62(3), 1478-1483.

Song, J., Niu, Y., and Zou, Y. (2018b). Asynchronous
sliding mode control of Markovian jump systems with
time-varying delays and partly accessible mode obser-
vation probabilities. Automatica, 93(7), 33-41.

Tanaka, K. and Wang, H.O. (2001). Fuzzy Conitrol Sys-
tems Design and Analysis: A Linear Matriz Inequality
Approach. Wiley, New York.

Utkin, V. and Shi, J. (1996). Integral sliding mode in sys-
tems operating under uncertainty conditions. Proceed-
ings of 35th IEEE Conference on Decision and Control,
Kobe, Japan, 4591-4596.

Wang, Y., Shen, H., Karimi, H.R., and Duan, D. (2018).
Dissipativity-based fuzzy integral sliding mode control
of continuous-time T-S fuzzy systems. [EFE Transac-
tions on Fuzzy systems, 26(3), 1164-1176.

Wu, Z., Shi, P., Su, H., and Lu, R. (2015). Dissipativity-
based sampled-data fuzzy control design and its appli-
cation to truck-trailer system. IEFE Transactions on
Fuzzy Systems, 23(5), 1669-1679.

Zhang, Z., Niu, Y., and Song, J. (2020). Input-to-state
stabilization of interval type-2 fuzzy systems subject to
cyber attacks: an observer-based adaptive sliding mode
approach. IEEE Transactions on Fuzzy Systems, 28(1),
190-203.

Zhang, Z., Niu, Y., and Lam, H.K. (2019). Sliding-mode
control of T-S fuzzy systems under weighted try-once-
discard protocol. IEEE Transactions on Cybernetics,
Doi:10.1109/TCYB.2019.2941870.

Zhao, H. and Niu, Y. (2019). Finite-time sliding mod-
e control of switched systems with one-sided lips-
chitz nonlinearity. Journal of the Franklin Institute,
Doi:10.1016/7.5franklin.2019.05.019.

Zhao, H., Niu, Y., and Zhao, J. (2019). Event-triggered
sliding mode control of uncertain switched systems
under denial-of-service attacks. Journal of the Franklin
Institute, Doi:10.1016/j.jfranklin.2019.08.044.

Zhou, S. and Han, Y. (2019). Extended dissipativity and
control synthesis of interval type-2 fuzzy systems via
line integral lyapunov function. IEEE Transactions on
Fuzzy Systems, Doi:10.1109/TFUZZ.2019.2945258.

Zhu, M. and Martinez, S. (2014). On the performance
analysis of resilient networked control systems under re-
play attacks. IEEFE Transactions on Automatic Control,
59(3), 804-808.

5154



