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This paper addresses the preassigned-time chaos control problem of memristor chaotic systems with time delays.
Since the introduction of memristor, the presented models are nonlinear systems with chaotic dynamics. First, the TS fuzzy
method is adopted to describe the chaotic systems. Then, a sliding-model-based control approach is proposed to achieve
the preassigned-time stabilization of the presented models, where the upper bound of stabilization time can be arbitrarily
specified in advance. Finally, simulation results demonstrate the validity of presented control approach and theoretic results.
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1. Introduction

Memristors are electronic components that exhibit mem-
ory of resistance, a property that allows them to remember
the amount of charge that has passed through them. They
are pivotal in mimicking the behavior of biological neurons
and synapses, and are increasingly utilized in neuromorphic
engineering for applications such as brain-inspired comput-
ing, artificial intelligence, and adaptive learning systems./!=3]
As a class of nonlinear systems, memristor chaotic systems
(MCSs) have shown unique advantages and broad application
prospects in fields such as information security, cryptography,
communication systems, and chaotic computing.[*-%! Schol-
ars have devoted extensive research efforts to MCSs, focus-
ing intently on dynamic analyses and control, in order to gain
a deeper comprehension and exploit the full potential of the
spacial systems.!’~10]

The primary challenge in ensuring system stability stems
from the presence of nonlinear terms, which are particularly
pronounced in memristor-based systems. The intricate non-
linearities introduced by memristors present novel obstacles
in the control of MCSs. To address these challenges, the TS
fuzzy method, a powerful tool known for its efficacy in manag-
ing nonlinearities, has been employed. The TS fuzzy method
was firstly developed by Takagi and Sugeno,!'!! and it can
transform a complicated nonlinear model to the combination

12,131 Com-

of several linear systems by using IF-THEN rules.|
pared with the original systems, the transformed systems can
not only reduce the computational complexity and the energy
consumption in the controller design, but also they are easy to

be implemented in practice. Nowadays, TS fuzzy method has
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played an essential role in researches of MCSs due to its ad-
vantages of high accuracy and simple modeling strategy./'* 13!

The stabilization control of MCSs is crucial for their
successful implementation in practical scenarios.!'®2% The-
ses papers delved into the stabilization and synchroniza-
tion of MCSs, which are particularly relevant for appli-
cations where rapid stabilization is crucial, such as se-
cure communication,!'®! bio-inspired computing,!'”! highly
interconnected and coordinated computational platforms, '8!

(191 and reconfigurable computing and memory

data security,
devices.!?"! In reality applications, it is expected to clear off
the instability of MCSs in a finite time. Compared with asymp-
totic stability, finite-time and fixed-time stability has a faster
convergence speed, higher steady-state precision and better
anti-jamming performance features.>!~231 However, both the
finite-time and fixed-time control still have the drawbacks as
the settling-time is related to the initial values or the system
parameters, which may restrict their practical applications in
cases that the initial values or the system parameters are dif-
ficult to get or even unknown. In practice, it is required that
the stability or control of chaotic systems be realized in a time
which is not only independent to the both the initial values
and the system parameters, but also can be arbitrarily set in
advance.

Inspired by above analyses, this paper aims to discuss the
preassigned-time stability of MCSs with delays based on TS
fuzzy method, where the stable time can be set in advance.
The main contributions are summarized below.

(i) The nonlinear model of MCSs with time delays as well
as the chaotic behaviors is presented. The TS fuzzy method is

http://iopscience.iop.org/cpb http://cpb.iphy.ac.cn
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adopted to deal with the nonlinear terms of MCSs. Therefore,
the nonlinear delayed system is transformed into the combi-
nation of several linear models, which makes the dynamical
analysis and stability problem simple and convenient.

(ii) A novel sliding-mode controller is proposed to realize
the preassigned-time stabilization of MCSs with time delays.
Compared to the finite-time and fixed-time results in Ref. [22],
where the settling time are constrained by the system and con-
troller parameters, the settling time in this paper can be arbi-
trarily set in advance.

This paper includes five aspects. The second part intro-
duces some preliminaries and chaotic systems model based on
TS fuzzy method, and the third part gives the control method
and main results. In the fourth part, numerical simulations ver-
ify the effectiveness and feasibility of derived results. Finally,
the work of this paper is summarized.

2. Preliminaries

We consider a memristor chaotic system shown in Fig. 1,
which consists of a memristor M, two inductors L, L,, a ca-
pacitor C and a resistor R. Based on Kirchhoff principle and
circuit shown below, the following model is obtained:

duc;-t() %(”(t)fiz(t)),
:l:éf) %[rll(t)—uc(t)]’ )
zégt) _ %[uc(t) ~Wig)]ia(1)],

where ¢ means the capacitance of the capacitor C, [, and I,
represent the inductance of the inductors L; and L, respec-
tively. r is the resistance of the resistor R. u.(¢) represents the
voltage of the capacitor. The ij(¢) and i»(¢) are the electrical
current of the inductors respectively.

I Ly R
< YY) :
C
Il
+ 11
I, Ly M
_)_IYYY\ @

Fig. 1. The memristor chaotic circuit.

A piecewise model is chosen to describe the
memristor.?*! According to this model, the flux flowing

through the memristor ®(¢(t)) is defined as

P(q(1)) = 22q(1) +0.5(a1 = 522)(|q(1) + 1] = [¢(2) — 1),

where s and s, are constants decided by the physical char-
acteristic of the memristor. Then, W[g(¢)] is the memristance
of the memristor and ¢(¢) is the current flowing through the
memristor.

Wlq(t)] = lq(t) < 1,

s, lalt)] > 1.

d¢@@):{m7
dq(r)

To simplify the derivation, the following substitution is
made: x;(t) = uc(t), x2(¢) = i1(1), x3(¢) = ix(t), xa(t) = g(1).
Then substitute a; for 1/c, ap for r/ly, az for 1/1,, as for 1/1,,
system (1) can be rearranged as

d%f” = a1 (x2(t) —x3(1)),
dxjt(t) = axy(t) —azxi (),
dx3 (1) ”
g = el () = Wl (0))xs (1)),
dx;ft) —x (l‘),
the Wlx4(1)] is given as
R E

where wy and wy are constants decided by the physical char-
acteristic of the memristor.

Note that under the given structure of system (2), chaos
phenomena will emerged if the system parameters and initial
values meet specific conditions. Consider the system (2) with
ay = 0.15, a) = 0.03, a3 = 1.8, aq — 0.8, wp = 10, Wy =
0.2, and the initial values as x;(0) = 0.25, x,(0) = —0.21,
x3(0) = —0.1, x4(0) = 0.9. The chaotic behaviors are depicted
in Fig. 2.

Considering the effect of time delay, this paper considers
a class of chaotic systems with delays

dX(;t(f) = a1 (xa(t) —x3(8)) + Ayx1 (£ — pi (1)),
dxét(t) — azxz([) — azx (t) +/12-x2(t - p2(t))7

“
P _ g1 0) — WEsa s (0) + Ao — ps(0).
d%:” = x3(t) + Aaxa (1 — p4(2)),

where A1, Ay, A3, A4 are constants and p; (), p2(2), p3(t), pa(t)
are the time-varying delays which satisfy 0 < p,(¢) < p for
s =1,2,3,4. If x4(¢) belongs to different fuzzy sets My, M,,
system (4) with control can be expressed below.

Rule 1: IF x4(z) is My,

THEN x(t) = A1x(t) + Bx(t — p(t)) + Cu(t);
Rule 2: IF x4(t) is Ma,
THEN Xx(t) = Ax(t) + Bx(t — p(t)) + Cu(t);
where x(t) = (x1(¢), x2(1), x3(1), x4 (1)), x(t = p (1)) = (x1 (¢ —
Ot st i ol a0 1 o
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controller with the gain matrix C = diag{c1,c2,¢3,c4} to be

designed,
0 ay —dap 0 0 a; —daj 0
A — —asz ap 0 0 | a3 ay 0 0
' la, 0 —agwi 0] 27 | ag 0 —agwn 0
0 0 1 0 0 0 1 0

B = diag{A;, 2,43, A4}, and the membership functions are

1, ‘)C ([)‘ S 17
ey ={o eIy
0, |x (t)| S 17
Mo(xa(t)) = { 1 |x:(t)| > 1.

Thus,
2
%(1) = Y My (x4(1)A,x(t) + Bx(t — p(1) + Cult),  (5)

r=1

with the equivalent form

%5() = Y20 My (xa (1)) Ty @rgxe(2)
+AgXs (t —Ps (t)) + Csls (l‘), (6)

where A, = {dpsk faxa, r=1,2, 5,k =1,2,3,4.

Fig. 2. Chaotic behaviors of system (2) with initial condition x(0) =
[0.25,-0.21,-0.1,0.9]".

Remark 1 Several memristor models are known to exist.
In Ref. [25], the memristor was replaced by circuit and mathe-
matically derived with cubic model. Though cubic model can
depict the the characteristics of memristor well, the introduc-
tion of high-order nonlinear terms complicates the system and
controller design. As for the piecewise model, the system con-
tained switch terms rather than high-order terms. Surprisingly,
the switch terms can be described perfectly by the membership
functions which is chosen based on model properties rather
than experience. It is based on this that the TS fuzzy system is
carried out.

Remark 2 Memristors, as nonlinear passive circuit el-
ements, exhibit behavior that is not easily described by tra-
ditional linear models. The TS fuzzy model can capture the

nonlinear characteristics of memristors by dividing the behav-
ior into a set of local linear models, each associated with a spe-
cific fuzzy set. In this paper, the TS fuzzy method is adopted
to deal with the switching characteristic of piecewise mem-
ristor model. In fact, TS fuzzy model method can deal with
other memristor model in Ref. [26] as long as there is nonlin-
ear term.

Then, we present a definition and a lemma which are use-
ful in the following section.

Definition 1 System (5) or system (6) is said to be
preassigned-time stable with the designed controller u(z), if
there exists a pre-given time 7 such that

}er% lxs(8)| =0,|x(z)] =0 (r>T). 7

Lemma 121 For any real numbers y, (s = 1,2,...,m)
and 0 <y < 1, p» > 1, two inequalities below hold:

m m N

Ynl > (Z |ys|) : ®)
s=1 s=1

m m 72

Y lylm=m < )y Iys|> : )
s=1

s=1

3. Main results

In this section, we will design a sliding-mode controller
to realize the preassigned-time stabilization of chaotic systems
with delays. The sliding-mode surface is defined below:

I = {x(t)|A(t) = (A1), 42(1),85(1), A4(2)) T = 0}, (10)
a0) = 80+ [ (@)

+& |xo(7)")sign(x,(7))dr, (11

where &€ =372, 8§, >0 (s=1,2,3,4),0<y<1, T, >0,

& = max,{8,}, sign(-) is the standard signum function.
Thus, the time derivative of Eq. (11) is

, . né ~
As(t) = sxs(t)"'_ziqus(t)‘l v
+ & s ()| )sign (x5 (1)) (12)

Assume the sliding-mode be reached in 77, then
As(t) =A(t) =0, (13)

for all ¢+ > Tj. Further, assume the states of the sliding-mode
reach the equilibrium point within 7>. Hence, it follows that

v

o

—m(\xs(t)ll‘“r Elxg(r)|7TY)sign(xg(1)). (14)

X(t) =

3.1. Reachability of sliding-mode surface within a preas-
signed time

In this part, the designed controller is given as

) = - ()l En 0] )sign( (1)
— o(t)sign(Ay(1)), (15)

110205-3



Chin. Phys. B 33, 110205 (2024)

where
4
/;1 Ot i (1) ]+ Cslxs (2 — ps(2))]
ZYTHB(|As0)V‘y-F€|AsU)V+Y)

with the parameters

B = m1n{5 Cshy, Og > — !

Cs

As
&> —.
Cs

|arsk‘

Theorem 1 By using the controller (15), the state
variables of system (6) will approach the sliding-mode sur-
face (10) and reach it within a preassigned time 77.

Proof The Lyapunov function is selected as

4
=Y A%@). (16)
s=1
Then, the time derivative of Eq. (16) is
4
Vi(t) = ) 24,(1) A1)
s=1
. 5
= Y2800550+ (N
+& o (1) 7)sign(xs (1)) (17)

By substituting Eqgs. (6) and (15) into Eq. (17), we can get
2

nin =X Z

r—1s5=1

et — pa(0)) —csasa)sign(As(r))}

1) 6sM, (x4t { ) Y arsex(t

4
[Z sl |40 1)

IN
e
HM»

k=1 )
A4 )]l >>|cs(zwsk|xk<r>
e P + (A0
+5As<t>|1”>)|m<r>|}
4 5.cs

< - Lo (AOFTHEA@PT. ay)

Based on Lemma 1, it yields
Vl(t)g—%(vl'*”%vﬂ”/z). (19)

From inequality (19), we can obtain that
0
r< Y / v

YLt dv
_7/0 Vi=v/2 L yity/2

=T <72r arctan(+<>o)> =T. (20)

The proof is completed.

3.2. Preassigned-time stability of sliding-mode dynamics

In this part, while on the surface (10), the state variables
of system (14) will further reach the equilibrium point within
a pre-given time 75.

Theorem 2 System (14) is preassigned-time stable
within time 7.

Proof Choose the Lyapunov function

4
=Y ). (1)
s=1
Then, the time derivative of Eq. (21) is
4
Va(t) = ) 2x(t)is(1)
s=1

A )
< —
s=1 735T2

(@7 +E%@)). 22)

Based on Lemma 1, it thus results in
. T _
Va(t) < ——— (v, Py 1), 23)
yZb)

Similar to the proof of Theorem 1, if follows that
YTz dav

teo VI v/2 1 y1+y/2
The proof is completed.

T<— =T. (24)

Remark 3 The state variables of system (5) or system (6)
tend to approach and reach the designed surface (10) within a
preassigned time 77 firstly. After reaching it, the state variables
of equivalent system (14) converge to zero in a further preas-
signed time 7>. As a consequence, the whole preassigned time
T satisfiesT =Ty + T».

Remark 4 From the main results, it is concluded that the
estimation stability time 7 is uncorrelated with the initial val-
ues and parameters of system, which can be arbitrarily set in
advance based on actual application requirements. The good
feature of preassigned-time control makes it an ideal control
approach to analyze the dynamical behaviors of chaotic sys-
tems compared to the finite-time and fixed-time control.

Remark S In this paper, the sliding-mode surface design
incorporates the signum function, playing a pivotal role in the
control strategy by ensuring that the system stabilizes within
a predetermined time frame. This function offers rapid feed-
back, aiding the system in resisting disturbances and swiftly
achieving equilibrium. On the other hand, it also has its limita-
tions. Notably, the signum function’s discontinuity can cause
high-frequency oscillations or chattering, which may damage
the actuator and degrade control performance. Furthermore,
the utilization of the signum function complicates controller
design, increasing the challenge of practical implementation.

Remark 6 Compared with traditional PID control and
adaptive control,?”-?8] the sliding-mode control possess higher
robustness (high capability to track system inputs and re-
ject unwanted disturbances) and faster response speed due to
the presence of sliding-mode surfaces. Besides, the sliding-
mode control also experiences chattering phenomena due to

110205-4
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the rapid switching of the control signal on both sides of the
sliding-mode surfaces, which makes it challenging to imple-
ment in practice.

Remark 7 Compared to asymptotic stability, both
finite-time and fixed-time stability offer faster convergence,
improved steady-state accuracy, and superior resistance to
disturbances.?1=231 However, these methods rely on initial
conditions or system parameters, which will limit their appli-
cability when such values are hard to determine or unknown.
Preassigned-time control stands out by being independent of
initial values and system parameters, togethering with the ad-
vantage of allowing the stabilization time to be set arbitrarily
in advance.

4. Numerical simulations

In this part, we first give the following delayed MCSs:

dX(;t(f) =0.15(x2(1) — x3()) +0.0005x (1 — p1 (1)),
8200 _ 0.0323(0) — 1.8 (1) + 000051 (1),
dx(;t(t) = 0.8(x1 (1) = Wxa(1)]x3(1)) >
+0.0005x3(1 — p3(1)),
dxgt(f) =x3(1) +0.0005x4(t — p4(1)),
where
wisil={ o5 0 S 0

and ps(¢) =exp(t)/(1+exp(r)), s = 1,2,3,4, the initial condi-
tion is chosen as x(&) = [0.5,—0.2,—0.1,0.9]T (which is called
case 1). The trajectories of state variables without control are
given in Fig. 3, which implies that the states are unstable.

x1(t), za(t), 3(t), 24(t)

0 50 100 150
Time (s)

Fig. 3. The state trajectories of system (25) without control.

Then, system (25) with control is transformed into two
linear systems via the TS fuzzy method, where u(t) is designed
as Eq. (15), and

0 0.15-0.150
—-1.8003 0 O A, — —-1.80.03 0 O
08 0 -8 0’27108 0 —0160]|’

0 0 1 0 0 0 1 0

B = diag{0.0005,0.0005,0.0005,0.0005}.

0 0.15-0.150
A=

Choose the parameters § = ¢, =1,s=1,2,3,4,y=0.2.
Then, we set T =1 s with 73 = 75 = 0.5 s. Then, based on
the results of Theorems 1 and 2, the state variables of the sys-
tem (5) or system (6) will move toward and reach the designed
surface (10) within a preassigned time 0.5 s. After reaching
the surface, system (14) will be active and its state variables
approach to zero in a further preassigned time 0.5 s. As a
consequence, the trajectories of states will converge to and
reach zero within the preassigned time 7 = 1 s, which are
displayed in Fig. 4. Moreover, we choose 7' = 0.1 s with
Ti = T, = 0.05 s, and the similar results are also shown in
Fig. 5.

1.0
z1(t)
0.8} 2(t)
= 0.02 z3(t)
g 0.01 z4(t)
Zooer — —e T=15
o~
2 —0.01
e 04t o //_"
R 0 0.005 0.010 0.015
%02
=
g .
—0.2

0 02 04 06 08 10 1.2
Time (s)

Fig. 4. The state trajectories with control and x(€) is in case 1, and
T=1s.

1.0 r -
1 (t)
0.8f 03 @2(f)
= 0.2 z5(t)
3 z4(t)
% oo06p 01 —e T=0.15"
= 0
S o0.4f 01 )&7"
= 0 5 10 X104
%02
ol
& 0 F °
—0.2 R . .
0 0.04 0.08 0.12 0.16 0.20
Time (s)

Fig. 5. The state trajectories with control and x(¢€) is in case 1, and
T=0.1s.

To show the irrelevance between the preassigned time
and the initial values, we give another kinds of simulation re-
sults by magnifying the initial values to five times as x(€) =
[2.5,—1,-0.5,4.5]T (which is called case 2). Then, the cor-
responding simulation results are illustrated in Figs. 6 and 7.
Note that, the state trajectories converge to zero within the pre-
assigned time and they are not influenced by the different ini-
tial values, which verifies the superiority of preassigned-time
control method.
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5 :
z1(t)
4t 0.4 z5(t)
s o2 (0
3 3 0 z4(t)
@‘: —0.2 —e T=1s
< —0.4
g
= 2f 06
Nl
x 0 2 4 6 Xx10—*
)
= 1r
Nl
g
0
1 A A A A

0 0.2 0.4 0.6 0.8 1.0 1.2
Time (s)

Fig. 6. The state trajectories with control and x(€) is in case 2, and 7 = 1 s.

5 T T T T T T T T T
Il(t)
4l 3 z(t)
= 2 z3(t)
5 24(t)
= o3p 1 —e T=0.151
= 0
X2 -1 :
l:: 0 2 4 6 x10—*
o -
S ~
—1 L L L L L L L L L
0 0.04 0.08 0.12 0.16 0.20
Time (s)

Fig. 7. The state trajectories with control and x(¢€) is in case 2, and
T=0.1s.

Remark 8 In numerical simulations, high-order satura-
tion functions are utilized in lieu of signum functions. This ap-
proximation, however, marginally compromises the accuracy
of the simulation outcomes. Notably, the system’s state con-
vergence is not uniformly smooth, particularly at the onset of
controller activation. This phenomenon underscores a key trait
of sliding-mode control: the propensity for high-frequency os-
cillations arising from the signum function’s switching. Mit-
igating such oscillations and achieving their elimination is a
pivotal area of ongoing research in sliding-mode control.

5. Conclusions

In this paper, we have proposed a sliding-mode control
for chaotic systems with time delays. The presented con-
trol schemes have been implemented based on the TS fuzzy
method considering nonlinear terms and time delays in chaotic
systems, which guarantees the stabilization within an arbitrary
preassigned time. Besides, the sufficient and simple conditions
have been derived. Finally, the control approach and theoreti-
cal results have been verified by numerical simulations. While
our methodology demonstrates promise, it is prudent to recog-

nize areas for potential enhancement. The sliding-mode con-

trol, as implemented, may encounter challenges such as chat-
tering, which could impact its practical deployment. Addi-
tionally, the presence of distributed delays and stochastic dis-
turbances, prevalent in real-world scenarios, suggests a need
for further investigation. Future research will thus concentrate
on the stability of chaotic systems with distributed delays and
stochastic disturbances.

Acknowledgements

Project supported by the National Natural Science Foun-
dation of China (Grant Nos. 62473348 and 62076229) and
the Knowledge Innovation Program of Wuhan-Basic Research
(Grant No. 2023010201010101).

References

[1] Ji X, Lai C, Zhou G, Dong Z, Qi D and Lai L 2023 [EEE Trans.
Nanobiosci. 22 52
[2] Ji X, Dong Z, Han Y, Lai C and Qi D 2023 [EEE Trans. Circuits Syst.
Video Technol. 33 7928
[3] DongZ,Ji X, Wang J, Gu'Y, Wang J and Qi D 2024 IEEE Trans. Con-
sum. Electron. 70 4311
[4] Yang Y, Huang L, Kuznetsov N V, Chai B and Guo Q 2023 Chaos
Solitons Fract. 175 113909
[5] Jian C, Tian Z and Liang B 2023 Chin. Phys. B 32 100503
[6] Luo L, Hu X, Duan S, Dong Z and Wang L 2017 IET Circuits Device.
Syst. 11 123
[7] Jia S, Li Y and Shi Q 2022 Chin. Phys. B 31 070505
[8] Lin H, Wang C and Xu C 2023 IEEE Trans. Computers-Aided Design
Integ. Circuits Syst. 42 942
[9] LiH, LiC and He S 2023 Int. J. Bifurcation Chaos 33 2350032
[10] Liu B, Peng X and Li C 2024 Int. J. Electron. Commun. 178 155283
[11] TakagiT and Sugeno M 1985 IEEE Trans. Syst. Man. Cybern. SMC-15
116
[12] Shi K, Cai X and She K 2023 IEEE Trans. Fuzzy Syst. 31 3639
[13] Singh D J and Verma N K 2024 Appl. Soft Comput. 150 111097
[14] Wang L, Wang Q and Zhang G 2024 IEEE Trans. Circuits Syst. I1I: Exp.
Briefs 71 1351
[15] Ramesh B N, Balasubramaniam P and Joo E 2024 Mult. Tools Appl. 83
26055
[16] Lai Q, Wan Z, Zhang H and Chen G 2023 /EEE Trans. Neural Netw.
Learn. Syst. 34 7824
[17] Guo M, Liu R, Dou M and Dou G 2021 Chin. Phys. B 30 068402
[18] Ma M, Xiong K, Li Z and He S 2024 Chin. Phys. B 33 028706
[19] LiC, Wang X, DuJ and Li Z 2023 Nonlinear Dyn. 111 21333
[20] Wang X, DuJ, Li Z, Ma M and Li C 2024 Acta Phys. Sin. 73 110503
(in Chinese)
[21] Wang L, Wang Y and Li Y 2023 IEEE Trans. Circuits Syst. I1I: Exp.
Briefs 70 3469
[22] WuJ and Ma R 2022 ISA Trans. 119 65
[23] Hu X, Wang L, Zhang C and He Y 2024 IEEE Trans. Fuzzy Syst. 32
2307
[24] TItoh M and Chua L O 2008 Int. J. Bifurcation Chaos 18 3183
[25] Lai Q, Wan Z, Kengne L K, Kamdem P D and Chen C 2021 [EEE
Trans. Circuits Syst. II: Exp. Briefs 68 2197
[26] Wen S, Zeng Z, Huang T and Chen Y 2013 Phys. Lett. A 377 2016
[27] Kikuuwe R, Yasukouchi S, Fujimoto H and Yamamoto M 2010 /EEE
Trans. Robot. 26 670
[28] Wang L and Zhang C 2024 IEEE Trans. Neural Netw. Learn. Syst. 35
745

110205-6


https://doi.org/10.1109/TNB.2022.3152228
https://doi.org/10.1109/TNB.2022.3152228
https://doi.org/10.1109/TCSVT.2023.3275708
https://doi.org/10.1109/TCSVT.2023.3275708
https://doi.org/10.1109/TCE.2023.3257201
https://doi.org/10.1109/TCE.2023.3257201
https://doi.org/10.1016/j.chaos.2023.113909
https://doi.org/10.1016/j.chaos.2023.113909
https://doi.org/10.1088/1674-1056/acdac3
https://doi.org/10.1049/cds2.v11.2
https://doi.org/10.1049/cds2.v11.2
https://doi.org/10.1088/1674-1056/ac4a71
https://doi.org/10.1109/TCAD.2022.3186516
https://doi.org/10.1109/TCAD.2022.3186516
https://doi.org/10.1142/S0218127423500323
https://doi.org/10.1016/j.aeue.2024.155283
https://doi.org/10.1109/TSMC.1985.6313399
https://doi.org/10.1109/TSMC.1985.6313399
https://doi.org/10.1109/TFUZZ.2023.3262686
https://doi.org/10.1016/j.asoc.2023.111097
https://doi.org/10.1109/TCSII.2023.3326875
https://doi.org/10.1109/TCSII.2023.3326875
https://doi.org/10.1007/s11042-023-16483-7
https://doi.org/10.1007/s11042-023-16483-7
https://doi.org/10.1109/TNNLS.2022.3146570
https://doi.org/10.1109/TNNLS.2022.3146570
https://doi.org/10.1088/1674-1056/abd7dc
https://doi.org/10.1088/1674-1056/aceee9
https://doi.org/10.1007/s11071-023-08998-3
https://doi.org/10.7498/aps.73.20231972
https://doi.org/10.7498/aps.73.20231972
https://doi.org/10.1109/TCSII.2023.3256004
https://doi.org/10.1109/TCSII.2023.3256004
https://doi.org/10.1016/j.isatra.2021.02.034
https://doi.org/10.1109/TFUZZ.2024.3349599
https://doi.org/10.1109/TFUZZ.2024.3349599
https://doi.org/10.1142/S0218127408022354
https://doi.org/10.1109/TCSII.2020.3044096
https://doi.org/10.1109/TCSII.2020.3044096
https://doi.org/10.1016/j.physleta.2013.05.046
https://doi.org/10.1109/TRO.2010.2051188
https://doi.org/10.1109/TRO.2010.2051188
https://doi.org/10.1109/TNNLS.2022.3176887
https://doi.org/10.1109/TNNLS.2022.3176887

	1. Introduction
	2. Preliminaries
	3. Main results
	3.1. Reachability of sliding-mode surface within a preassigned time
	3.2. Preassigned-time stability of sliding-mode dynamics

	4. Numerical simulations
	5. Conclusions
	References

