
University of New Mexico 

Synchronization of Time Delay Neutrosophic Stochastic
System

Suresh Rasappan1, Sathish Kumar Kumaravel2,
R. Narmada Devi3, Regan Murugesan4

1 Mathematics Section, College of Technology and Information Sciences, University of Technology and Applied

Sciences- Ibri, Post Box- 466, Postal Code-516, Ibri, Sultanate of Oman.

E-mail: mrpsuresh83@gmail.com
2,3,4Department of Mathematics, Vel Tech Rangarajan Dr. Sagunthala R & D Institute of Science

and Technology, Chennai-62, Tamilnadu, India.

E-mail: 2k.sathi89@gmail.com, 3narmadadevi23@gmail.com, 4mreganprof@gmail.com

*Correspondence: Athour (narmadadevi23@gmail.com)

Abstract: This paper examines the asymptotic mean square solidness of a turbulent synchronization to time de-
lay neutrosophic stochastic framework. The Lyapunov solidness hypothesis is utilized to plan a neutrosophic-based
stochastic framework with time postpone that is supposed to be asymptotically mean square steady. The Takagi-
Sugeno neutrosophic model had been made to make a neutrosophic spectator with a versatile refreshing system, as
well as a neutrosophic spectator inside that presence. To communicate versatile update rules and control execution,
direct framework disparity is utilized (LMI). A neutrosophic-based versatile control plot is assessed utilizing the idea
of obscure. however, fixed boundary frameworks. The Lyapunov dependability hypothesis is utilized to foster the
effectiveness of stochastic time delay tumultuous frameworks. For mathematical calculation, the Genesio-Tesi tumul-
tuous framework is used. The neutrosophic fluffy framework yield is completed utilizing MATLAB. Hypothetical
outcomes are approved by this recreation.

Keywords: Asymptotic mean square stability, T-S neutrosophic system, Chaos synchronization, Lyapunov function.

1 Introduction
Nonlinear dynamical frameworks that display perplexing and unusual way of behaving are known as tumul-
tuous frameworks. The most intelligent qualities of turbulent frameworks are their touchy reliance on intro-
ductory circumstances and boundary varieties inside a given range[1-4]. Yamada and Fujisaka were quick to
explore the synchronization of turbulent frameworks, trailed by Pecora and Carroll One way to deal with ex-
press delicate reliance on beginning circumstances is through turmoil syn- chronization The synchronization
for turbulent frameworks has been far and wide to the degree, like summed up synchro- nization, stage syn-
chronization , slack synchronization, projective synchronization , summed up projective syn- chronization and,
surprisingly, hostile to synchronization [5-7]. The property of hostile to synchronization lay out a predomi-
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nating peculiarity in even oscillators, in which the state vectors have similar outright qualities however in-
verse signs. At the point when synchronization and hostile to synchronization coincide, at the same time, in
tumultuous frameworks, the synchronization is called half and half synchronization.

The hypotheses of vulnerability have equipped emphatically after the presentation of the fluffy set by zadeh
and intuitionstic fluffy set where he presented the idea of parts capability of belongingness. Smarandache
shows the possibility of a neutrosophic set. Neutrosophic set considers reality componentsthe indeterminacy
parts capability, and the deception parts capability at the same time. Innovation of neutrosophic set plays a
significant effect in science and designing examination area. In this ongoing age, it is for the most part utilized
in direction (DM) issue and numerical demonstrating [8-12] . This supposition that is vital in a great deal of
circumstances, for example, data combination when we attempt to join the information from various sensors.
Neutrosophy was presented by Smarandache in 1995. ”It is a part of phi- losophy which concentrates on the
beginning, nature and extent of neutralities, as well as their connections with various ideational spectra” . Neu-
trosophic set is a power general conventional structure which sums up the idea of the exemplary set, fluffy set,
span esteemed fluffy set , intuitionistic fluffy set , and so forth [13-18]

Neutosophic fluffy based mayhem control has gotten a ton of interest as of late in an assortment of engi-
neering applications. Versatile control configuration is an immediate mix of a control approach and some type
of recursive framework recognizable proof, with the framework ID meaning to decide if the framework being
controlled is direct or nonlinear. Just the qualities of a decent sort of model not set in stone for sys- tem ID,
compelling parametric framework ID and parametric versatile control. In the hypothesis of questionable yet
fixed boundary frameworks, versatile control configuration is contemplated and investigated [19-23].
This work proposes a neutosophic fluffy model for stochastic time-defer tumultuous frameworks with vul-
nerabilities in light of stochastic time-postpone turbulent frameworks with vulnerabilities. This technique is
a deliberate plan procedure that guarantees the stochastic time-postpone tumultuous frameworks’ worldwide
mean square dependability. The versatile and supervi- siory control is resolved utilizing the Lyapunov capa-
bility to tune the regulator gain in view of the precalculated criticism control inputs. This paper is organized as
follows. The issue is portrayed in Segment 2 alongside some fundamental data. The fundamental commitment
of this study is referenced in Segment 3. The outline of the outcomes acquired in this paper is talked about in
part 4.

2 Problem Statement and Preliminaries

Consider the stochastic time-delay chaotic system interms of T-S neutrosophic model with a time delay
Rl : IfZ1(tc) is M l

1 and . . . and Zj(tc) is M l
j then

dx(tc) = [(A1l(tc) + ∆A1l(tc))x(tc) + (A2l(tc) + ∆A2l(tc))x(tc − τc)]dtc+
[(A3l(tc) + ∆A3l(tc))x(tc) + (A4l(tc) + ∆A4l(tc))x(tc − τc)]dw(tc)

y(tc) = Cx(tc), l = 1, 2, 3, . . . , r.
(2.1)

where x(tc) ∈ Rnis state vector,y(tc) ∈ Rm is output vector x(tc−τc) is time delay state vector, A1l, A2l, A3l, A4l

and C are system matrices, ∆A1l, ∆A2l, ∆A3l,∆A4l and C are corresponding uncertainties. τc is consider
as constant time delay. M l

j be the fuzzy set, r be the number of fuzzy rule, z(tc) = [z1(tc), z2(tc), . . . zj(tc)]
T

are premise variables associated with system states.
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The center of gravity defuzzification method is used to get output of neutrosophic system.

Wl = ⟨tc, µWl
, σWl

, γWl
⟩

dx = ⟨tc, µdx, σWdx
, γdx⟩

dtc = ⟨ µdtc , σWdtc
γdtc⟩

dw(tc) = ⟨ µdw, σWdw
γdw⟩

y(tc) = ⟨µCx(tc), σWx(tc), γCx(tc)⟩

(2.2)

where µWl
(z) =

j∏
i=1

µM l
i
(zj), σWl

(z) =
j∏

i=1

σM l
i
(zj), γWl(z) =

j∏
i=1

γM l
i (zj)

and µCx(tc), σCx(tc), γCx(tc) are fuzzy

matrices.

µdx(tc) =

r∑
l=1

µWl
(z)[(µA1l

+µ∆A1l
)(x(tc))+(µA2l

+µ∆A2l
)(x(tc−τc))]µdtc+[(µA3l

+µ∆A3l
)x(tc)+(µA4l

+µ∆A4l
)(x(tc−τc))]µdw(tc)

r∑
l=1

µWl
(z)

σdx(tc) =

r∑
l=1

σWl
(z)[(σA1l

+σ∆A1l
)(x(tc))+(σA2l

+σ∆A2l
)(x(tc−τc))]σdtc+[(σA3l

+σ∆A3l
)x(tc)+(σA4l

+σ∆A4l
)(x(tc−τc))]σdw(tc)

r∑
l=1

σWl
(z)

γdx(tc) = 1− µdxtc
and

y(tc) = Cx(tc)
(2.3)

µM l
i
(zi), σM l

i
(zi) and γM l

i
(zi) are the grades of components function and non components functions of M l

i

corresponding to zi
µMl

(zi) =
µWl

(zi)
r∑

l=1

µWl
(zi)

σMl
(zi) =

σWl
(zi)

r∑
l=1

σWl
(zi)

γMl
(zi) =

γWl
(zi)

r∑
l=1

γWl
(zi)

(2.4)

Therefore the state of the neutrosophic system is given by

µdx(tc) =
r∑

l=1

µMl
(zi)([(µA1l

+ µ∆A1l
)(x(tc)) + (µA2l

+ µ∆A2l
)x(tc − τc)]µdtc+

[(µA3l
+ µ∆A3l

)(x(tc)) + (µA4l
+ µ∆A4l

)(x(tc − τc))]µdw(tc)

σdx(tc) =
r∑

l=1

σMl
(zi)([(σA1l

+ σ∆A1l
)(x(tc)) + (σA2l

+ σ∆A2l
)x(tc − τc)]σdtc+

[(µA3l
+ σ∆A3l

)(x(tc)) + (σA4l
+ σ∆A4l

)(x(tc − τc))]σdw(tc)

γdx(tc) = 1− µdx(tc)
and

y(tc) = Cx(tc)

(2.5)
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Considering the assumptions

µ∆A(tc) =
r∑

l=1

µMl
(zi)µ∆A1l

(tc), σ∆A(tc) =
r∑

l=1

σMl
(zi)σ∆A1l

(tc) and γ∆A(tc) =
r∑

l=1

γMl
(zi)γ∆A1l

(tc)

µ∆Ad1
(tc) =

r∑
l=1

µMl
(zi)µ∆A2l

(tc), σ∆Ad1
(tc) =

r∑
l=1

σMl
(zi)σ∆A2l

(tc) and γ∆Ad1
(tc) =

r∑
l=1

γMl
(zi)γ∆A2l

(tc)

µ∆Ad3
(tc) =

r∑
l=1

µMl
(zi)µ∆A4l

(tc), σ∆Ad3
(tc) =

r∑
l=1

σMl
(zi)σ∆A4l

(tc) and γ∆Ad3
(tc) =

r∑
l=1

γMl
(zi)γ∆A4l

(tc)

(2.6)
Therefore the state of the neutrosophic systems is

µdx(tc) = [
r∑

l=1

µMl
(zi)(A1l(x(tc)) + A2lx(tc − τc)) + µ∆A(tc)x(tc) + µ∆Ad1

x(tc − τc)]dtc

+[
r∑

l=1

µMl
(zi)(A3l(x(tc)) + A4lx(tc − τc)) + µ∆Ad2

(tc)x(tc) + µ∆Ad3
(tc)x(tc − τc)]dw(tc)

σdx(tc) = [
r∑

l=1

σMl
(zi)(A1l(x(tc)) + A2lx(tc − τc)) + σ∆A(tc)x(tc) + σ∆Ad1

x(tc − τc)]dtc

+[
r∑

l=1

σMl
(zi)(A3l(x(tc)) + A4lx(tc − τc)) + σ∆Ad2

(tc)x(tc) + µ∆Ad3
(tc)x(tc − τc)]dw(tc)

γdx(tc) = 1− µdx(tc)
and

y(tc) = Cx(tc)
(2.7)

Assume that the uncertainties are imposed on matching condition. Therefore there exist an uniformly con-
tinuous function EA(tc) andEd(tc) exist such that ∆A(tc) = BEA(tc), ∆Ad(tc) = BEd(tc), B in Rn×p are
known matrix. Therefore the uncertainties in equation (2.7) are represented as

∆A(tc)x(tc) = Bξ1(x(tc)tc)
∆Ad1(tc)x(tc − τc) = Bξ2(x(tc − τc)tc)

∆Ad2(tc)x(tc) = Bξ3(x(tc)tc)
∆Ad3(tc)x(tc − τc) = Bξ4(x(tc − τc)tc)

(2.8)

where ξ1, ξ2, ξ3, ξ4 are uncertainties, which are unknown, design of neutrosophic observer is required to
estimate these uncertainties.
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Therefore equation (2.7) becomes

µdx(tc) = [
r∑

l=1

µl(z)(µA1l(x(tc)) + µA2lx(tc − τc)) + µBξ1(x(tc)tc) + µBξ2(x(tc − τc)tc)]dtc

+[
r∑

l=1

µl(z)(µA3l(x(tc)) + µA4lx(tc − τc)) + µBξ3(x(tc)tc) + µBξ4(x(tc − τc)tc)]µdw(tc)

σdx(tc) = [
r∑

l=1

σl(z)(µA1l(x(tc)) + µA2lx(tc − τc)) + σBξ1(x(tc)tc) + σBξ2(x(tc − τc)tc)]dtc

+[
r∑

l=1

µl(z)(σA3l(x(tc)) + σA4lx(tc − τc)) + σBξ3(x(tc)tc) + σBξ4(x(tc − τc)tc)]σdw(tc)

γdx(tc) = 1− µdx(tc)µAl1(x(tc − τc))
and

y(tc) = < µy(tc), σy(tc), γy(tc) >
(2.9)

where µy(tc) = (µc, µx(tc))

Consider the following the neutrosophic system; that approximate the ith components of the uncertainties
ξ1(x(tc)tc), ξli as
Rj : Ifx1(tc) is M̃ j

1 and . . . and xn(tc) is M̃ j
n, then ξ̂1i is D̃ij, j = 1, 2, 3, 4 . . . q.

The output of the neutrosophic inference is

µ(x/θi) =

q∑
j=1

θij(
n∏

h=1
µ
M̃

j
h

(xh))

q∑
j=1

n∏
h=1

µ
M̃

j
h

(xh)

σ(x/θi) =

q∑
j=1

θij(
n∏

h=1
σ
M̃

j
h

(xh))

q∑
j=1

n∏
h=1

σ
M̃

j
h

(xh)

γ(x/θi) =

q∑
j=1

θij(
n∏

h=1
γ
M̃

j
h

(xh))

q∑
j=1

n∏
h=1

γ
M̃

j
h

(xh)

hence ξ̂1i(x/θi) = θTi ω(x).

(2.10)

where θi = (θi1, θi2, . . . , θiq)
T is an adjustable parameter vector.θij is the center of D̃ij for i = 1, 2, 3, . . . , p;

j = 1, 2, 3, . . . q, ω(x) is the neutrosophic basic function.

The estimation of ξ1 has the form ξ̂1i(x/θ) = θTi ω(x), θ ∈ Rp×q.

The optimal parameter neutrosophic matrix θ∗ is defined as θ∗ =< µθ∗, σθ∗, γθ∗ >

µθ∗ = arg minθ∈Ωθ
(sup

∥∥∥µξ̂1
(x/θ)− µξ̂1

(xtctc)
∥∥∥) (2.11)

such that ∥∥∥µξ̂1
(x/θ∗)− µξ̂1

(xtc)
∥∥∥ ≤ µξ1 (2.12)

σθ∗ = arg minθ∈Ωθ
(sup

∥∥∥σξ̂1
(x/θ)− σξ̂1

(x(tc)tc)
∥∥∥)

such that ∥∥∥σξ̂1
(x/θ∗)− σξ̂1

(xtc)
∥∥∥ ≤ σξ1
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and
γθ∗(tc) = 1− µθ∗(tc)µAl1(x(tc − τc))

where
Ωθ = (θ/trace(θT θ) < M2

θ ), (2.13)

here tr(.) is trace of the matrix, Mθ is designed constant, ξ1 is unknown upper bound such that

∥ξ2(x(tc − τc))tc∥ ≤ ξ2, (2.14)

ω(x) is uniformly continuous then exist an Lipshiz constants

∥ω(x)− ω̂(x)∥ ≤ γ ∥x− x̂∥ . (2.15)

Thus, the neutrosophic observer for a stochastic time- delay chaotic system (2.1) is
Rl : IfZ1(tc) is M l

1 and . . . and Zj(tc) is M l
j then dx̂(tc) =< µdx̂(tc), σdx̂(tc), γdx̂(tc) > where

µdx̂(tc) = [µA1lx̂(tc) + µA2lx̂(tc − τc) + µLl(y(tc)− ŷ(tc)) + µB(ξ̂1(x̂)/θ) + µu1(tc) + µu2(tc)]dtc
+[µA3lx̂(tc) + µA4lx̂(tc − τc) + µLl(y(tc)− ŷ(tc)) + µB(ξ̂1(x̂/θ) + µu1(tc) + µu2tc]µdw(tc),

σdx̂(tc) = [σA1lx̂(tc) + σA2lx̂(tc − τc) + σLl(y(tc)− ŷ(tc)) + σB(ξ̂1(x̂)/θ) + σu1(tc) + µu2(tc)]dtc
+[σA3lx̂(tc) + σA4lx̂(tc − τc) + σLl(y(tc)− ŷ(tc)) + σB(ξ̂1(x̂/θ) + σu1(tc) + σu2(tc)]σdw(tc),

γ(d ˆcx(tc)) = 1− µdx̂(tc)µAl1
(x(tc − τc))

and
ŷ(tc) = Cx̂(tc), l = 1, 2, 3, . . . r.

(2.16)
where Ll is neutrosophic designed feedback gain matrices, u1 and u2 are neutrosophic supervisory control.

Therefore the output of the neutrosophic systems (2.16) is

µdx̂(tc) = [
r∑

l=1

µl(z)[µA1lx̂(tc) + µA2lx̂(tc − τc) + µLl(y(tc)− µŷ(tc))+

µB(ξ̂1(x̂/θ) + µu1(tc) + µu2(tc)]]dtc + [
r∑

l=1

µl(z)[µA3lx̂(tc) + µA4lx̂(tc − τc)+

µLl(y(tc)− ŷtc) +B(ξ̂1(x̂/θ) + µu1(tc) + µu2(tc)]]µdw(tc),

σdx̂(tc) = [
r∑

l=1

σl(z)[σA1lx̂(tc) + σA2lx̂(tc − τc) + σLl(y(tc)− σŷ(tc))+

σB(ξ̂1(x̂/θ) + σu1(tc) + σu2(tc)]]dtc + [
r∑

l=1

σl(z)[σA3lx̂(tc) + σA4lx̂(tc − τc)+

σLl(y(tc)− ŷ(tc)) +B(ξ̂1(x̂/θ) + σu1tc + σu2tc]]σdwtc,
γdx̂tc) = 1− µdx̂tc

and
ŷtc = Cx̂tc, l = 1, 2, 3 . . . r.

(2.17)

The observation error is defined as
detc = dxtc − dx̂tc. (2.18)
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Therefore, the error dynamic is noted by

µdetc = [
r∑

l=1

µl(z)[µ(A1ltc − µLlC)etc + µA2le(tc − τc)] + µB(ξ1(xtctc)− µξ̂1(x̂/θ)− µu1tc)

+µB(ξ1(x(tc − τc)tc)− µu2tc)]dt+ [
r∑

l=1

µl(z)[µ(A3ltc − µLlC)etc + µA4le(tc − τc)]

−µB(ξ̂1(x̂/θ) + µu1tc)− µB(u2tc)]µdwtc.

σdetc) = [
r∑

l=1

σl(z)[σ(A1ltc − σLlC)etc + σA2le(tc − τc)] + σB(ξ1(xtctc)− σξ̂1(x̂/θ)− σu1tc)

+σB(ξ1(x(tc − τc)tc)− σu2tc)]dt+ [
r∑

l=1

σl(z)[σ(A3ltc − σLlC)etc + σA4le(tc − τc)]

−σB(ξ̂1(x̂/θ) + σu1tc)− σB(u2tc)]σdwtc.
and

γdetc = 1− µdetc

(2.19)

3 Main Result

Define the two state variables for stochastic time-delay chaotic system (2.6)

µf tc =
r∑

l=1

µl(z)(µA1lxtc + µA2lx(tc − τc)) + µBξ1(xtctc) + µBξ1(x(tc − τc)tc)

µgtc =
r∑

l=1

µl(z)(µA3lxtc + µA4lx(tc − τc)) + µBξ3(xtctc) + µBξ4(x(tc − τc)tc).

σf tc =
r∑

l=1

σl(z)(σA1lxtc + σA2lx(tc − τc)) + σBξ1(xtctc) + σBξ1(x(tc − τc)tc)

σgtc =
r∑

l=1

σl(z)(σA3lxtc + σA4lx(tc − τc)) + σBξ3(xtctc) + σBξ4(x(tc − τc)tc).

γf tc =
r∑

l=1

γl(z)(γA1lxtc + γA2lx(tc − τc)) + γBξ1(xtctc) + γBξ1(x(tc − τc)tc)

γgtc =
r∑

l=1

γl(z)(γA3lxtc + γA4lx(tc − τc)) + γBξ3(xtctc) + γBξ4(x(tc − τc)tc).

(3.1)

Then the stochastic time delay chaotic system is

µxtc − µx(tc − τc) =
∫ t

t−τc
µdx(s) =

∫ t

t−τc
µf(s)ds+

∫ t

t−τc
µg(s)µdw(s).

σxtc − σx(tc − τc) =
∫ t

t−τc
σdx(s) =

∫ t

t−τc
σf(s)ds+

∫ t

t−τc
σg(s)σdw(s).

γxtc − γx(tc − τc) =
∫ t

t−τc
γdx(s) =

∫ t

t−τc
γf(s)ds+

∫ t

t−τc
σg(s)γdw(s).

(3.2)

Theorem 3.1 Consider the stochastic time-delay chaotic system (2.1) and its corresponding neutrosophic
observer (2.16). Suppose that positive definite matrices P, Q, S, R, D0, D1 and the feedback gain Li,
i = 1, 2, 3, 4, . . . , r, such that PB = CT and the following condition holds

[(A1i − LiC)TP + P (A1i − LiC) +R +D0 +D1 + PA2iR
−1AT

2i] ≤ −Qi,
λmin(Qi) ≥ 2γMθ ∥C∥ . (3.3)

where λmin denotes the minimum eigen value of a matrix.
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Given the supervisory controls

u1 = ξ̂1
BTPe

∥BTPe∥
, u2 = ξ̂2

BTPe

∥BTPe∥
(3.4)

where ξ̂1 and ξ̂2 stand for estimators of ξ1 and ξ2.

The error dynamic is asymptotically stable in the mean square by applying

θ̇ = 2ηω(x̂)BTPe,
˙̂
ξ1 = 2η1e

TPB,
˙̂
ξ2 = 2η2e

TPB.

(3.5)

where η, η1, η2 denotes positive adaption constants.

Proof: Consider the Lyapunov-Krasovskii functional as follows:

V tc = eTPe+
1

2η
tr(θ̃T θ̃) +

1

2η1
ξ̃21 +

1

2η2
ξ̃21 +

∫ t

t−τc

eT (σ)Se(σ)dσ, (3.6)

where
θ̃ = θ∗ − θ,

ξ̃1 = ξ1 − ξ̂1,

ξ̃2 = ξ2 − ξ̂2,

(3.7)

then its derivative can be obtained by Itô formula that

dvtc = LV tcdt+ 2eTPgtcdwtc
LV tc = Vttc + Vetcftc +

1
2
trace(gTVeeg)

(3.8)

Therefore

µLV tc = 2eTP ([
r∑

i=1

µi(z)[µ(A1itc−µLiC)etc+µA2ie(tc − τc)]+µB(ξ1(xtctc)−µξ̂1(x̂/θ)−µu1tc)

+µB(ξ2(x(tc − τc)tc)− µu2tc)]) + µeTSe+ µgTPg − µ 1
η
tr(θ̃T ˙̃θ)− µ 1

η1
ξ̃1

˙̂
ξ1

−µ 1
η2
ξ̃2

˙̂
ξ2 − µeT (tc − τc)Se(tc − τc).

σLV tc = 2eTP ([
r∑

i=1

σi(z)[σ(A1itc−σLiC)etc+σA2ie(tc − τc)]+σB(ξ1(xtctc)−σξ̂1(x̂/θ)−σu1tc)

+σB(ξ2(x(tc − τc)tc)− σu2tc)]) + σeTSe+ σgTPg − σ 1
η
tr(θ̃T ˙̃θ)− σ 1

η1
ξ̃1

˙̂
ξ1

−σ 1
η2
ξ̃2

˙̂
ξ2 − σeT (tc − τc)Se(tc − τc).

γLV tc = 1− µLV tc
(3.9)

Now consider the relation
gTPg ≤ eTD0e+ eT (tc − τc)D1e(tc − τc). (3.10)
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Then

µLV tc = 2eTP ([
r∑

i=1

µi(z)[µ(A1itc−µLiC)etc+µA2ie(tc − τc)]+µB(ξ1(xtctc)−µξ̂1(x̂/θ)−µu1tc)

+µB(ξ2(x(tc − τc)tc)− µu2tc)]) + µeTSe+ µeTD0e+ µeT (tc − τc)D1e(tc − τc)

µ− 1
η
tr(θ̃T ˙̃θ)− µ 1

η1
ξ̃1

˙̂
ξ1 − µ 1

η2
ξ̃2

˙̂
ξ2 − µeT (tc − τc)Se(tc − τc)

≤
r∑

i=1

µi[e
TP (A1i −i C)T e+ µeT (A1i −i C)Pe+ µ2eTPA2ie(tc − τc)]

+µ2eTPB(ξ1(xtctc)− µξ̂1(x̂/θ))
−µ2eTPB(u1) + µ2eTPB(ξ2(x(tc − τc))− µu2) + µeTSe+ µeTD0e

+µeT (tc − τc)D1e(tc − τc)− 1
η
tr(θ̃T θ̇)− µ 1

η1
ξ̃1

˙̂
ξ1 − µ 1

η2
ξ̃2

˙̂
ξ2 − µeT (tc − τc)Se(tc − τc).

σLV tc = 2eTP ([
r∑

i=1

σi(z)[σ(A1itc−σLiC)etc+σA2ie(tc − τc)]+σB(ξ1(xtctc)−σξ̂1(x̂/θ)−σu1tc)

+σB(ξ2(x(tc − τc)tc)− σu2tc)]) + σeTSe+ σeTD0e+ σeT (tc − τc)D1e(tc − τc)

σ − 1
η
tr(θ̃T ˙̃θ)− σ 1

η1
ξ̃1

˙̂
ξ1 − σ 1

η2
ξ̃2

˙̂
ξ2 − σeT (tc − τc)Se(tc − τc)

≤
r∑

i=1

σi[e
TP (A1i − σLiC)T e+ σeT (A1i − σLiC)Pe+ σ2eTPA2ie(tc − τc)]

+σ2eTPB(ξ1(xtctc)− σξ̂1(x̂/θ))
−σ2eTPB(u1) + σ2eTPB(ξ2(x(tc − τc))− σu2) + σeTSe+ σeTD0e

+σeT (tc − τc)D1e(tc − τc)− 1
η
tr(θ̃T θ̇)− σ 1

η1
ξ̃1

˙̂
ξ1 − σ 1

η2
ξ̃2

˙̂
ξ2 − σeT (tc − τc)Se(tc − τc).

γLV tc = 1− γLV tc
(3.11)

Now consider the relation

2eTPA2ie(tc − τc) ≤ eTPA2iR
−1AT

2iPe+ eT (tc − τc)Re(tc − τc). (3.12)
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Therefore the equation (3.11) becomes

µLV tc ≤
r∑

i=1

µi e
T [P (A1i − LiC)T + (A1i − LiC)P + PA2iR

−1AT
2iP + S]e+ eT (tc − τc)Re(tc − τc)

+2eTPB(ξ1(xtctc)− ξ̂1(x̂/θ))− 2eTPB(u1) + 2eTPB(ξ2(x(tc − τc))− u2)+

eTD0e+ eT (tc − τc)D1e(tc − τc)− 1
η
tr(θ̃T θ̇)− 1

η1
ξ̃1

˙̂
ξ1 − 1

η2
ξ̃2

˙̂
ξ2 − eT (tc − τc)Se(tc − τc).

≤
r∑

i=1

µi e
T [P (A1i − LiC)T + (A1i − LiC)P +R +D0 +D1 + PA2iR

−1AT
2iP ]e+

+2eTPB(ξ1(xtctc)− ξ̂1(x̂/θ))− 2eTPB(u1) + 2eTPB(ξ2(x(tc − τc)tc))

−2eTPBu2 − 1
η
tr(θ̃T θ̇)− 1

η1
ξ̃1

˙̂
ξ1 − 1

η2
ξ̃2

˙̂
ξ2.

σLV tc ≤
r∑

i=1

σi e
T [P (A1i − LiC)T + (A1i − LiC)P + PA2iR

−1AT
2iP + S]e+ eT (tc − τc)Re(tc − τc)

+2eTPB(ξ1(xtctc)− ξ̂1(x̂/θ))− 2eTPB(u1) + 2eTPB(ξ2(x(tc − τc))− u2)+

eTD0e+ eT (tc − τc)D1e(tc − τc)− 1
η
tr(θ̃T θ̇)− 1

η1
ξ̃1

˙̂
ξ1 − 1

η2
ξ̃2

˙̂
ξ2 − eT (tc − τc)Se(tc − τc).

≤
r∑

i=1

σi e
T [P (A1i − LiC)T + (A1i − LiC)P +R +D0 +D1 + PA2iR

−1AT
2iP ]e+

+2eTPB(ξ1(xtctc)− ξ̂1(x̂/θ))− 2eTPB(u1) + 2eTPB(ξ2(x(tc − τc)tc))

−2eTPBu2 − 1
η
tr(θ̃T θ̇)− 1

η1
ξ̃1

˙̂
ξ1 − 1

η2
ξ̃2

˙̂
ξ2.

γLV tc ≤ 1− µLV tc
(3.13)

Again we consider the relation

µξ1(xtctc)−µξ̂1(x̂/θ) = µξ1(xtctc)−µξ̂1
(x̂/θ)+µξ̂1

(x̂/θ∗)−µξ̂1
(x̂/θ∗)+µξ̂1

(x/θ∗)−µξ̂1
(x/θ∗)

= µ(ξ1−µξ̂1
(x̂/θ∗))+µξ̂1

((x̂/θ∗)−µ(x̂/θ))+µξ̂1
((x/θ∗)−µ(x̂/θ∗))

= (µξ1−µξ̂1
(x̂/θ∗))+µθ̃Tω(x̂)+µθ∗T (ω(x)−µω(x̂)),

σξ1(xtctc)−σξ̂1(x̂/θ) = σξ1(xtctc)−σξ̂1
(x̂/θ)+σξ̂1

(x̂/θ∗)−σξ̂1
(x̂/θ∗)+σξ̂1

(x/θ∗)−σξ̂1
(x/θ∗)

= σ(ξ1−σξ̂1
(x̂/θ∗))+σξ̂1

((x̂/θ∗)−σ(x̂/θ))+σξ̂1
((x/θ∗)−σ(x̂/θ∗))

= (σξ1−σξ̂1
(x̂/θ∗))+σθ̃Tω(x̂)+σθ∗T (ω(x)−σω(x̂)),

γξ1(xtctc)− γξ̂1(x̂/θ) = 1− [µξ1(xtctc)− µξ̂1(x̂/θ)] (3.14)

and
P (A1i − LiC)T + (A1i − LiC)P +R +D0 +D1 + PA2iR

−1AT
2iP ≤ −Qi. (3.15)
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Now, the equation (3.13) become

µLV tc ≤
∑r

i=1 µie
T (−Qi)e+ 2eTPB(ξ1(xtctc)− ξ̂1(x̂/θ) + ξ̂1(x̂/θ

∗)− ξ̂1(x̂/θ
∗) + ξ̂1(x/θ

∗)

−ξ̂1(x/θ
∗))−2eTPB(u1)+2eTPB(ξ2(x(tc − τc)tc))−2eTPBu2− 1

η
tr(θ̃T θ̇)− 1

η1
ξ̃1

˙̂
ξ1− 1

η2
ξ̃2

˙̂
ξ2

≤
∑r

i=1 µie
T (−Qi)e+2eTPB(ξ1−ξ̂1(x̂/θ

∗))+2eTPB(θ̃Tω(x̂))+2eTPB(θ∗T (ω(x)−ω(x̂)))

−2eTPB(u1) + 2eTPB(ξ2(x(tc − τc)tc))− 2eTPBu2 − 1
η
tr(θ̃T θ̇)− 1

η1
ξ̃1

˙̂
ξ1 − 1

η2
ξ̃2

˙̂
ξ2

≤
∑r

i=1 µie
T (−Qi)e+ 2γ ∥e∥2 ∥C∥Mθ +

1
η
tr[θ̃T (2ηωx̂eTPB − θ̇)]

+2eTPB(ξ̂1 − u1) + 2eTPB(ξ̂2 − u2) +
1
η1
(2η1e

TPB − ˙̂
ξ1) +

1
η2
(2η2e

TPB − ˙̂
ξ2)ξ̃2

σLV tc ≤
∑r

i=1 σie
T (−Qi)e+ 2γ ∥e∥2 ∥C∥Mθ +

1
η
tr[θ̃T (2ηωx̂eTPB − θ̇)]

+2eTPB(ξ̂1 − u1) + 2eTPB(ξ̂2 − u2) +
1
η1
(2η1e

TPB − ˙̂
ξ1) +

1
η2
(2η2e

TPB − ˙̂
ξ2)ξ̃2

and
γLV tc ≥ 1− [µLV tc]

(3.16)
Now applying adaptive updating law (3.4) and (3.4) into (3.16), which yields

LV tc ≤ −eTβe, β > 0 (3.17)

Therefore
dV tc = −eTβe+ 2eTPgtcdwtc (3.18)

Taking expectation, then it follows that

E[dV tc] = E[−eTβe] + E[2eTPgtcdwtc]. (3.19)

Then it follows
dvtc ≤ −eTβe. (3.20)

Therefore V ∈ L∞, which indicate that e, θ̃, ξ̃1, ξ̃2, u1, u2 ∈ L∞.

Integrating (3.20) from 0 to ∞ result in

β

∫ ∞

0

eeTdt < V (0)− V (∞) < ∞. (3.21)

That mean that e ∈ L2, applying the Lipschitz condition to the neutrosophic estimation lead to that ė ∈ L∞.
Based on the Barbalat lemma, one may conclude that e → 0 as t → ∞.

Which is asymptotically stable in mean square.2

For neutrosophic observer, the output feedback control scheme is applied to stochastic chaotic time-delay.
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The output feedback for a stochastic chaotic time-delay system is

µdxtc = [
r∑

i=1

µi(z)(µA1i
+∆µA1i

)xtc + (µA2i
+∆µA2i)(x(tc − τc)) + µButc]dt+

[
r∑

i=1

µl(z)(µA3i
+∆µA3i

)xtc + (µA4i
+∆µA4i

)(x(tc − τc)) + µButc]µdwtc

σdxtc = [
r∑

i=1

σi(z)(σA1i
+∆σA1i

)xtc + (σA2i
+∆σA2i)(x(tc − τc)) + σButc]dt+

[
r∑

i=1

σl(z)(σA3i
+∆σA3i

)xtc + (σA4i
+∆σA4i

)(x(tc − τc)) + σButc]σdwtc

γdx = 1− µdxtc
and
ytc = Cxtc

(3.22)

and the corresponding neutrosophic observer is

µdx̂tc = [
r∑

i=1

µi(z)(µµA1i
x̂tc + µA2i

tc)x(tc − τc) + µLi
(ytc − ŷtc)− µBKi

x̂tc]dt

+[
r∑

i=1

µi(z)(µA3i
x̂tc + µA3i

tc)x(tc − τc) + µLi
(ytc − ŷtc)− µBKi

x̂tc]µdwtc

σdx̂tc = [
r∑

i=1

σi(z)(σµA1i
x̂tc + µA2i

tc)x(tc − τc) + µLi
(ytc − ŷtc)− µBKi

x̂tc]dt

+[
r∑

i=1

µi(z)(µA3i
x̂tc + µA3i

tc)x(tc − τc) + µLi
(ytc − ŷtc)− µBKi

x̂tc]µdwtc

γdx̂tc = 1− µdxtc
and
ŷtc = Cx̂tc.

(3.23)

Now the system can be represented as

µdxtc =
r∑

i=1

µi(z)[µA1i
xtc + µA2i

x(tc − τc) + µBξ1(xtctc) + µBξ2(x(tc − τc)tc) + µButc]dt

+
r∑

i=1

µi(z)[µA3ixtc + µA4ix(tc − τc) + µBξ1(xtctc) + µBξ2(x(tc − τc)tc) + µButc]µdwtc

σdxtc =
r∑

i=1

σi(z)[σA1i
xtc + σA2i

x(tc − τc) + σBξ1(xtctc) + σBξ2(x(tc − τc)tc) + σButc]dt

+
r∑

i=1

σi(z)[µA3ixtc + σA4ix(tc − τc) + σBξ1(xtctc) + σBξ2(x(tc − τc)tc) + σButc]σdwtc

γdxtc = 1− µdxtc
and
ytc = Cxtc.

(3.24)

Theorem 3.2 Let the neutrosophic controller in (3.24) be chosen as

µutc =
∑r

l=1 µi[−µKi
− µLi

µM ]x̂− µξ̂1
(x̂/θ)− u1 − u2,

σutc =
∑r

l=1 σi[−σKi
− σLi

σM ]x̂− σξ̂1
(x̂/θ)− u1 − u2,

γutc = 1− µutc

(3.25)
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where M is a positive definite matrix and Kiis neutrosophic feedback gain. Suppose definitions of ξ̂1(x̂/θ),
u1, u2, and the stability conditions in theorem(1) hold. If the positive definite neutrosophic matrices M , W , U ,
V0, V1 and Ni for i = 1, 2, 3, . . . , r exist, the following conditions are satisfied

(A1i −BKi)
TM +M(A1i −BKi) + U + V0 + V1 +MA2iU

−1AT
2iM

T ≤ −Ni ∨ i (3.26)

the observer-based control system is asymptotically mean square stable.
Proof: Consider the Lyapunov-Krasovskii functional as follows:

V tc = x̂TMx̂+ eTPe+ 1
2η

tr(θ̃T θ̃) + 1
2η
ξ̃21 +

1
2η
ξ̃22+∫ t

t−τc
eT (σ)Se(σ)dσ +

∫ t

t−τc
x̂T (σ)Sx̂(σ)dσ,

µLV tc = [
r∑

i=1

µi(2x̂
T (µA1i

− µBµKi)x̂tc + 2x̂TµA2i
x̂(tc − τc)) + 2x̂TµMµLi

µCe]

+[
r∑

i=1

µi[2e
TµP (µA1i

− µLiC)etc + 2eTµPµA2i
e(tc − τc)]] + 2eTµPµBµξ1

+2eTµPµBµξ2 + 2eTµPµButc + 2eTµPµBµKi
x̂− 1

η
tr(θ̃T θ̇)− 1

η1
ξ̃1

˙̂
ξ1

− 1
η2
ξ̃2

˙̂
ξ2 − eT tcSetc − eT (tc − τc)µSe(tc − τc) + x̂TµW x̂− x̂(tc − τc)

TµW x̂(tc − τc)+

gT tcµwgtc + gT tcµPgtc

σLV tc = [
r∑

i=1

σi(2x̂
T (σA1i

− σBσKi)x̂tc + 2x̂TσA2i
x̂(tc − τc)) + 2x̂TσMσLi

σCe]

+[
r∑

i=1

σi[2e
TσP (σA1i

− σLiC)etc + 2eTσPσA2i
e(tc − τc)]] + 2eTσPσBσξ1

+2eTσPσBσξ2 + 2eTσPσButc + 2eTσPσBσKi
x̂− 1

η
tr(θ̃T θ̇)− 1

η1
ξ̃1

˙̂
ξ1

− 1
η2
ξ̃2

˙̂
ξ2 − eT tcSetc − eT (tc − τc)σSe(tc − τc) + x̂TσW x̂− x̂(tc − τc)

TσW x̂(tc − τc)+

gT tcσwgtc + gT tcσPgtc
γLV tc = 1− µLV tc

(3.27)
Now consider the relation

gT tcWgtc ≤ x̂TV0x̂+ x̂T (tc − τc)V1x̂(tc − τc)
gT tcPgtc ≤ eTD0e+ eT (tc − τc)D1e(tc − τc)

(3.28)

µLV tc ≤
r∑

i=1

µiet
T
c [(µA1i

−µLi
µC)

TµP+µP (µA1i
−µLi

µC)+µR+µD0+µD1+µPµA2iR−1µAT
2i
µP ]etc

+2eTµPµBξ1 + 2eTµPµBξ2 + 2eTPButc − 1
η
tr(θ̃T θ̇)− 1

η1
ξ̃1

˙̂
ξ1 − 1

η2
ξ̃2

˙̂
ξ2

+
r∑

i=1

µi2x̂
TµMµLi

µCe+
r∑

i=1

µix̂
T [(µA1i

− µBµKi
)TµM

+µM(µA1i
− µBµKi

) + µMµA2i
µU−1µAT

2i
µM + µU + µV0 + µV1 ]x̂tc

σLV tc ≤
r∑

i=1

σiet
T
c [(σA1i

−σLi
σC)

TσP+σP (σA1i
−σLi

σC)+σR + σD0+σD1+σPσA2iR−1σAT
2i
σP ]etc

+2eTσPσBξ1 + 2eTσPσBξ2 + 2eTPButc − 1
η
tr(θ̃T θ̇)− 1

η1
ξ̃1

˙̂
ξ1 − 1

η2
ξ̃2

˙̂
ξ2

+
r∑

i=1

σi2x̂
TσMσLi

σCe+
r∑

i=1

σix̂
T [(σA1i

− σBσKi
)TσM

+σM(σA1i
− σBσKi

) + σMσA2i
σU−1σAT

2i
σM + σU + σV0 + σV1 ]x̂tc
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γLV tc = 1− [µLV tc] (3.29)

Now we put
µutc =

∑r
l=1 µi[−µKi

− µLi
µM ]x̂− ξ̂1(x̂/θ)− u1 − u2

σutc =
∑r

l=1 σi[−σKi
− σLi

σM ]x̂− ξ̂1(x̂/θ)− u1 − u2

γutc = 1− µutc

(3.30)

Therefore

µLV tc ≤
r∑

i=1

σiet
T
c [(µA1i

−µLi
C)TµP+µP (µA1i

−µLi
µC)+µR+µD0+µD1+µPµA2i

µR−1µAT
2i
µP ]etc

+2eTµPµB(ξ1 − µξ̂1
(x̂/θ)− u1)2e

TµPµBµ(ξ2 − u2 − 1
η
tr(θ̃T θ̇)− 1

µη1
ξ̃1µ ˙̂

ξ1
− 1

µη2
ξ̃2µ ˙̂

ξ2

+
r∑

i=1

µix̂
T [(µA1i

−µBµKi
)TµM+µM(µA1i

−µBi)+µMµA2i
µU−1µAT

2i
µM+U+V0+V1]x̂tc

σLV tc ≤
r∑

i=1

σiet
T
c [(σA1i

−σLi
C)TσP+σP (σA1i

−σLi
σC)+σR+σD0+σD1+σPσA2i

σR−1σAT
2i
σP ]etc+

2eTσPσB(ξ1 − σξ̂1
(x̂/θ)− u1)2e

TσPσBσ(ξ2 − u2 − 1
η
tr(θ̃T θ̇)− 1

σ η1
ξ̃1σ ˙̂

ξ1
− 1

σ η2
ξ̃2σ ˙̂

ξ2

+
r∑

i=1

σix̂
T [(σA1i

− σBσKi
)TσM + σM(σA1i

− σBi) + σMσA2i
σU−1σAT

2i
σM + U + V0 + V1]x̂tc

γLV tc ≤ 1− µLV tc
(3.31)

adopting the results from the theorem 1 yields

µLV tc ≤ −βeT e+
r∑

i=1

µix̂
T [(µA1i

− µBµKi
)TµM + µM(µA1i

− µBµKi
)

+µMµA2i
µU−1µAT

2i
µM + µU + µV0 + µV1 ]x̂tc

σLV tc ≤ −βeT e+
r∑

i=1

σix̂
T [(σA1i

− σBσKi
)TσM + σM(σA1i

− σBσKi
)

+σMσA2i
σU−1σAT

2i
σM + σU + σV0 + σV1 ]x̂tc

γLV tc ≥ 1− µLV tc

(3.32)

Given the stability conditions (3.26), it follows that

LV tc ≤ −βeT e−
∑r

i=1 µiλmin(Ni) ∥x̂∥2 ,
≤ βeT e− αx̂T x̂, α > 0

(3.33)

Therefore
dV tc = −eTβe− αx̂T x̂+ 2eTPgtcdwtc (3.34)

Taking expectation, then it follows that

E[dV tc] = E[(−eTβe− αx̂T x̂)] + E[2eTPgtcdwtc]
dvtc ≤ −eTβe− αx̂T x̂

Using the Barbalat lemma, both e and x̂ will eventually approach zero.2

As a general rule, a tumultuous framework has unsound fixed focuses or temperamental circles. The
synchronization of the framework typically centers around fostering a control technique that powers framework
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directions to join to unsound fixed places or circles.

The stochastic time postpone tumultuous framework is planned as the following reference model.

The neutrosophic reference model for stochastic time-delay chaotic system is

µdxmtc = [
r∑

i=1

µi(µA1i
xmtc + µA2i

xm(tc − τc) + µBi
rtc)]dt

+[
r∑

i=1

µi(µA3ixmtc+µA4i
xm(tc−τc)+µBi

rtc)]µdwtc,

σdxmtc = [
r∑

i=1

σi(σA1i
xmtc + σA2i

xm(tc − τc) + σBi
rtc)]dt

+[
r∑

i=1

σi(σA3ixmtc+σA4i
xm(tc−τc)+σBi

rtc)]σdwtc,

γdxmtc = 1− µdxm(tc − τc)
and
ymtc = Cxmtc

(3.35)

whereA1i = A1i − BKi, A2i = A2iA3i = A3i − BKi, A4i = A4i, Bi = BKmi, Kmi is a known real matrix
and rtc is reference input.

The observer for tracking control is

µdx̂tc =
r∑

i=1

[(µA1i
− µBµKi

)x̂tc + µA2i
x̂(tc − τc) + µLi

(ytc − ŷtc) + µBµKmi
rtc]dt

+
r∑

i=1

[(µA3i
− µBµKi

)x̂tc + µA4i
x̂(tc − τc) + µLi

(ytc − ŷtc) + µBµKmi
rtc]µdwtc

σdx̂tc =
r∑

i=1

[(σA1i
− σBσKi

)x̂tc + σA2i
x̂(tc − τc) + σLi

(ytc − ŷtc) + σBσKmi
rtc]dt

+
r∑

i=1

[(σA3i
− σBσKi

)x̂tc + σA4i
x̂(tc − τc) + σLi

(ytc − ŷtc) + σBσKmi
rtc]σdwtc

γdx̂tc = 1− µdx̂tc
ŷtc = Cx̂tc.

(3.36)

Therefore the neutrosophic reference model can be written as

µdxmtc =
r∑

i=1

σi[(µA1i
− µBµKi

)xmtc + µA2i
xm(tc − τc) + µBµKmi

rtc]dt

+
r∑

i=1

µi[(µA3i
− µBµKi

)xmtc + µA4i
xm(tc − τc) + µBµKmi

rtc]µdwtc (3.37)

σdxmtc =
r∑

i=1

σi[(σA1i
− σBσKi

)xmtc + σA2i
xm(tc − τc) + µBσKmi

rtc]dt

+
r∑

i=1

σi[(σA3i
− σBσKi

)xmtc + σA4i
xm(tc − τc) + σBσKmi

rtc]σdwtc (3.38)
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γdxmtc = 1− µdxmtc (3.39)
and
ymtc = Cxmtc. (3.40)

Define the error vectors etc = xtc − x̂mtc, xtc = xmtc − x̂tc The error dynamics system of etc and x is

µdetc =
r∑

i=1

µi[(µA1i
− µLi

µC)etc + µA2i
e(tc − τc) + µBξ2 − µBµKmi

rtc + µButc]dt

+
r∑

i=1

µi[(µA3i
− µLiµC)etc + µA4i

e(tc − τc) + µBξ2 − µBµKmi
rtc + µButc]µdwtc

σdetc =
r∑

i=1

σi[(σA1i
− σLi

σC)etc + σA2i
e(tc − τc) + σBξ2 − σBσKmi

rtc + σButc]dt

+
r∑

i=1

σi[(σA3i
− σLiσC)etc + σA4i

e(tc − τc) + σBξ2 − σBσKmi
rtc + σButc]σdwtc

γdetc = 1− µdetc
and

µdx =
r∑

i=1

µi[(µA1i
− µBµKi

)xtc + µA2ix(tc − τc)− µLi
µCxtc]dt

+
r∑

i=1

µi[(µA3i
− µBµKi

)xtc + µA4i
x(tc − τc)− µLi

µCxtc]µdwtc

σdx =
r∑

i=1

σi[(σA1i
− σBσKi

)xtc + σA2ix(tc − τc)− σLi
σCxtc]dt

+
r∑

i=1

σi[(σA3i
− σBσKi

)xtc + σA4i
x(tc − τc)− σLi

σCxtc]σdwtc

µdx = 1− µdx

(3.41)

Theorem 3.3 Suppose that the fuzzy controller in (3.24) is

µutc =
∑r

i=1 µi(−µKi
x̂− µLiµM x̂+ µKmirtc)− ξ̂1(x̂/θ)− u1 − u2,

σutc =
∑r

i=1 σi(−σKi
x̂− σLiσM x̂+ σKmirtc)− ξ̂1(x̂/θ)− u1 − u2,

µutc = 1− µutc

(3.42)

and the stability conditions addressed in Theorems 3.1 and 3.2 hold. Then, the mean square asymptotic stabil-
ities of the closed-loop systems (3.41) are guaranteed.

Proof: The Lyapunov − Krasovskii functional candidate is chosen as

V tc = xTMx+ eTPe+ 1
2η
tr(θ̃T θ̃) + 1

2η
ξ̃21 +

1
2η
ξ̃22+∫ t

t−τc
eT (σ)Se(σ)dσ +

∫ t

t−τc
xT (σ)Sx(σ)dσ

(3.43)

Suppose the derivative of (3.43) as

µLV tc ≤
r∑

i=1

µi e
T [(µA1i

−µLi
µC)

TµP+µP (µA1i
−µLi

µC)+µD0+µD1+µR+µPµA2i
µR−1µT

A2i
µP ]e

+2eTµPµBξ1 + 2eT PµBξ2 +
r∑

i=1

2eTµPµBµKix̂+
r∑

i=1

2eTPB(−Ki)x̂− 2eTµPµB ξ̂1(x̂/θ)

−2eTµPµBu1 − 2eTµPµBu2 −
r∑

i=1

µi2x
TµMµLicx+

r∑
i=1

µi(−J)xTx
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σLV tc ≤
r∑

i=1

σi e
T [(σA1i

− σLi
σC)

TσP + σP (σA1i
− σLi

σC) + σD0 + σD1 + σR + σPσA2i
σR−1σT

A2i
σP ]e

+2eTσPσBξ1 + 2eT PσBξ2 +
r∑

i=1

2eTσPσBσKix̂+
r∑

i=1

2eTPB(−Ki)x̂− 2eTσPσB ξ̂1(x̂/θ)

−2eTσPσBu1 − 2eTσPσBu2 −
r∑

i=1

σi2x
TσMσLicx+

r∑
i=1

σi(−J)xTx

γLV tc ≥ 1− µLV tc
(3.44)

adopting the results from the theorem 1 and theorem 2 and Given the stability conditions (3.42), it follows that

LV tc ≤ βeT e− δxTx, δ > 0 (3.45)

Therefore
dV tc = −eTβe− δxTx+ 2[eTP + xTM ]gtcdwtc (3.46)

Taking expectation, then it follows that

E[dV tc] = E[(−eTβe− δxTx)] + E[2[eTP + xTM ]Pgtcdwtc]
≤ −eTβe− δxTx

Using the Barbalat lemma, both β and x will eventually approach zero.
Which is asymptotically mean square stable.

4 Numerical Simulations

Gensio-Tesi is a three-dimensional autonomous chaotic system. The system is defined by the following set of
differential equations:

ẋ1 = −x3 − x2

ẋ2 = x1 + ax2

ẋ3 = b+ x3(x1 − c)
(4.1)

where a, b, and c are system parameters. The Gensio-Tesi system has been studied extensively in the field
of chaos theory and has been used as a benchmark system for testing various chaos analysis methods.

The Gensio Tesi chaotic delay system is a nonlinear dynamic system that exhibits chaotic behavior. The
mathematical representation of the Gensio Tesi chaotic delay system is given by the following set of delay
differential equations:

ẋ1 = −ax1 + βx2(tc − τc)
ẋ2 = γx1 + δx2(tc − τc) + ϵx3(tc − τc)
ẋ3 = µx3 + vx1x2

(4.2)

The Gensio Tesi chaotic delay system has been applied in various fields such as secure communication,
chaos control, and image encryption. Its complex and unpredictable behavior makes it a useful tool in these
applications.

The system exhibits chaotic behavior under certain parameter regimes, which means that small perturba-
tions in the initial conditions can lead to vastly different outcomes over time. The delay term introduces a time
lag in the system’s response, while the stochastic term adds random fluctuations to the dynamics. The system

Synchronization of Time Delay Neutrosophic Stochastic System

Neutrosophic Sets and Systems, Vol. 56, 2023                                                                                                           307



Figure 1: Neutrosophic components Function for Timetcandstatevariablesx1, x2, x3

is defined by the following set of differential equations:

dx1tc = [−ax1 + βx2(tc − τc)]dt+ σ1[−ax1]dwtc
dx2tc = [γx1 + δx2(tc − τc) + ϵx3(tc − τc)]dt+ σ2[δx2(tc − τc)]dwtc
dx2tc = [µx3 + vx1x2]dt+ σ3[x1x2]dwtc

(4.3)

The system (4.3) is the stochastic differential equation that gives the Gensio Tesi chaotic delay system. Here
σ1, σ2, σ3 are the noise parameter. For this problem these parameter values are vary inbetween 0 and 1. wtc is
the wiener.

The MATLAB is used for numerical simulation. Calculation is performed using the exponential fuzzy
components function.

Figure 1 shows neutrosophic components function for timetcandstatevariablesx1, x2, x3.
Figure 2 shows neutrosophic components function the state variables x1 without time t.
Figure 3 portraits neutrosophic components function the state variables x2 without time t.
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Figure 2: Neutrosophic components Function for state variables x1
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Figure 3: Neutrosophic components Function for state variables x2
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Figure 4: Neutrosophic components Function for state variables x3

Synchronization of Time Delay Neutrosophic Stochastic System

Neutrosophic Sets and Systems, Vol. 56, 2023                                                                                                           311



Figure 4 portraits neutrosophic components function the state variables x3 without time t.

5 Conclusion
This work proposes a neutrosophic T-S stochastic turbulent framework with time delay using an eyewitness
based approach. A fluffy versatile administrative control strategy has been utilized to survey the asymptotic
mean square soundness of tumultuous frameworks. To infer the neutrosophic versatile update regulation and
control execution, direct lattice imbalance is utilized (LMI). Since the Lyapunov examples are not required
for these computations, the versatile administrative control engineering is extremely proficient and advanta-
geous for acquiring asymptotic mean square synchronization. For mathematical reenactment, the Genisio Tesi
turbulent defer framework is utilized. The given hypothetical outcome is approved by the mathematical reen-
actment. The article is quick to address stochastic tumultuous frameworks with time delays and neutrosophic
fuzzy.
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