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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.
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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
R': IfZ(t.)is M{ and ... and Z;(t.) is M then

dx(t.) = [(Au(te) + AAy(te))x(te) + (Ax(te) + AAgy(te))x(te — )] dt.+
[(Agl(tc) + AAs(t)x(t.) + (Ag(te) + AAy(te))x(t. — 7.)]dw(t,) (2.1)
y(t.) = Cx(t,), 1=1,2,3,...,r

where x(t.) € R"is state vector,y(t.) € R™ is output vector x(t.—7,.) is time delay state vector, Ay, Ay, Az, Ay
and C are system matrices, AAy, AAy, AAg, AAy and C' are corresponding uncertainties. 7, is consider
as constant time delay. M! be the fuzzy set, 7 be the number of fuzzy rule, z(t.) = [21(tc), 2a(tc), ... z;(te)]”
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.

M/l — <tca MWH O-W” 7Wl>
dr = (te, flde, OWyys Vdo)
dt. = < Hdte, OWgy, ’Ydtc> (2.2)
dw(t.) = (lfdw, Ow,, Ydw)
y(tc) = </’L c UWx(tc)? W/CI(tC)>
j .
where pw, (2) = QMM;(zj)70wl( z) = H ot (27); iz H VMl (z) AN [Ca(te) TCa(te)s VOu(re) are fuzzy
matrices. -
(“) liluwl(Z)[(MAU+MAA1,)(J?(tc))+(uA2l+MAA2,)(ﬂﬁ(tc—Tc))]Hdtc-f'[(MASl+MAA3l)$(tc)+(/m4l+MAA4L)(x(tc—Tc))h/»dwac)
Hdz te = = T
l;#vvl (2)
( ) ZZT‘:l O'Wl (Z)[(O'All+0'AA11)(x(tC))+(UAQZ+0AAQZ)(I(tchC))]Udtc+[(UA3l+UAA31)x(tC)+(UA4l+0AA4Z)(x(tchC))]o-dw(tc)
Odz(te = = T
£ ot
'Ydm(tc) = 1_,udztc
and

yte) = Cult.)
(2.3)

pan(2i), opn(2i) and 7, (z;) are the grades of components function and non components functions of M
corresponding to z;

MWl (ZZ)
> bw, (2:)
ow, (=)
() = e 4

=1
Wy (Zz)

XT: Yw, (2i)
=1

ILLMl(Zi) =

'VMl(Zi)

Therefore the state of the neutrosophic system is given by

de(tc) = z NMI(ZZ)<[(MA11 + :U’AAH)( ( )) + (:qul + MAAQZ) (t TC)]/‘Ldtc+
[(MAsz + /’LAAZSZ)( ( )) + (MAzu + :U’AA4L)( (t TC))]:U'dw(tc)
Oar(te) = 1—21 ou (zi)([(0ay, + 0aa,)(@(te)) + (0ay + 0any)o(te — 7e)]oar.+

[(11ag + 0ang)(@(te)) + (0ay + oang)@(te — 7)) Tauie)
’de(t6> = 1- Ndw(t6>
and

y(tc) = Cm(tc)

(2.5)
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Considering the assumptions
paa(te) = ZMMI(%)MAAU(U onalte) = IZUMZ(ZZ)UAAU(U and yaa(te) = ZVMI(%)VAAU(U
=1

:uAAdl( ) Z /“LM1<ZZ>:LLAA21 (t ) O-AAd1< ) Z UMl(ZZ)UAA2z (t ) and ’VAAdl( ) Z 7Mz<zl)7AA2l (t )

ILLAAd?’( ) ZuMz<zl)HAA4z( )O-AA@( ) go-Ml(Zi)UAAzu(tC) and ,YAAdS( ) 27M1(21>7AA41< )

(2.6)
Therefore the state of the neutrosophic systems is
faz(te) = [1721 piar, (22) (Au(z(te)) + Anz(te — 7)) + paalte)z(te) + paa, ©(te — 7c)ldt.
+[lzzl par (2i) (Asi(x(Le)) + Az (te — 7¢)) + paag, (L) (te) + paay, (t)r(te — 7c))dw(t.)
Cunlte) = [é)l s () (An((t) + An(te — 7)) + oan(t)a(te) + oan, o(te — 7)ldt
+[li1 on (2:) (Asi(z(te)) + Aux(te — 7)) + 0aa,, (te)z(te) + paay, (te)z(te — 70)]dw(t.)

fyda:(tc) = 1- Ndx(tc)
and
y(t.) = Cux(t,)
2.7)
Assume that the uncertainties are imposed on matching condition. Therefore there exist an uniformly con-
tinuous function F4(t.) andEy(t.) exist such that AA(t.) = BE4(t.), AAy(t.) = BEy(t.), B in R"*P are
known matrix. Therefore the uncertainties in equation (2.7) are represented as

) = B&(a(te)t.)
) = B&(x(t. — m)te)

2.8
) = Bh(a(tor) 29
) = B£4(x<tc _Tc) c)
where &1, &, &3, & are uncertainties, which are unknown, design of neutrosophic observer is required to
estimate these uncertainties.
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Therefore equation (2.7) becomes

p(z)(pAy(x(te)) + pAgr(te — 7)) + pBE (x(te)t.) + pBé(x(t. — Te)t.)|dt.

Mﬁ

Hdz (tC) = [

~

pu(2) (pAsi((te)) + pAua(te — 7c)) + pBE(w(te)te) + pBE(w(te — 7)te) paw(te)

gﬁ

+
l

I
N

Oar(te) = [lzil o1(2)(pAu(z(te)) + pAax(te — 7)) + o B& i (x(te)te) + o B (w(te — m)te)]di.
+[ZZT:1 u(2) (0 Az (2(te)) + cAga(te — 1)) + o B&(x(te)te) + o Béa(w(te — me)te)|oaw(te)
Vda (tC) = 1- Ndx(tC),uAll(Q;(tc - TC))
and
y(te) = < py(te),oy(te), v (te) >

2.9

where fi,(t.) = (fte, fa(te))
Consider the following the neutrosophic system; that approximate the i"* components of the uncertainties

él(x(tc)tc)v gli 8.S~ ) - . N
R7 : Ifxy(t.)is M{ and ... and x,(t.) is M, then &y, is D;;,5 =1, 2, 3, 4... q.

The output of the neutrosophic inference is

gy — Bl
wz/l) = ==
ng hl;ll My (zr)
q n
(2/6) > eij(hnl g (n))
o(x/0;) = I——=
> 1o, () (2.10)
j=1h=1 h
w0y = Et )
v(x/0;) = =
jil hl;ll ’YM}]; (xh)
hence &5(2/6;) = 0lw(z).
where 0; = (0;1, 0;2, ..., 6;,)" is an adjustable parameter vector.d;; is the center of Dij fori =1, 2,3, ..., p;
j=1,2 3, ... q, w(x)is the neutrosophic basic function.
The estimation of &, has the form &;(z/60) = 07w(z), 0 € RP*1.
The optimal parameter neutrosophic matrix 6* is defined as 6* =< pig., 0gs, Yox >
g, = arg mingeq, (Sup H”&(I/@) — g, (wtete)||) (2.11)
such that
Huél (@/07) — pg, (xte)|| < ey (2.12)
04, = arg mingeq, (Sup Haél(x /8) — o (x(t)t.)])
such that

< 43

e, (@/67) = o, (ate)
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and
Yo (te) = 1 — pro-(te) pan (z(te — 7))

where
Qy = (0/trace(070) < M}), (2.13)

here tr(.) is trace of the matrix, My is designed constant, &; is unknown upper bound such that
[&2(2(te — 7e))te]| < &, (2.14)
w(z) is uniformly continuous then exist an Lipshiz constants
lw(z) —w@)]| <7 llz -2 (2.15)

Thus, the neutrosophic observer for a stochastic time- delay chaotic system (2.1) is
R': IfZ(t.)is M} and ... and Z;(t.) is M then di(t.) =< praz(tc), 04z (te), Vaz (tc) > where

pas(te) = [pAud(te) + pAud(te = 1) + nLiy(te) — §(te)) + pB(&(8)/0) + pu (te) + pus(te)]dte
HuAgd(te) + pAnd(te — 1) + nLi(y(te) — 9(te)) + pB (& (2/0) + pua (te) + prust.]p w( c)

oute) = [oAui(ts) + o Ai(t, — 70) + o Lily(te) — §(t) + 0B (2)/0) + ous(t) + pus(t ),
o Agi(t,) + o Aui(te — 7.) + o Li(y(t.) — §(t)) + o B(E1(8/0) + ouy(te) + ous(t)]ogw(te),

Y(dea(te) = 1= pas(te)a, (@(te = 7))

(2.16)
where L; is neutrosophic designed feedback gain matrices, u; and uy are neutrosophic supervisory control.

Therefore the output of the neutrosophic systems (2.16) is

taz(te) = [é i (2)[pAuz(te) + pAxd(te — ) + pLi(y(te) — py(te))+

uB (& (2/0) + pua (te) + pus(te))]dt, + [Z pu(2)[pAud(te) + pAud(te — 7.)+

nLi(y(te) = gte) + B(&(2/6) + pun (i) T /wz( )] ptaw (te),

cuslte) = [l_zrjl"z(z)[az‘luﬂf( ) + 0 Aud(te = 72) + o Lu(y(te) — oi(te))+ 2.17)

oB(&(2/0) + oui(t) + ous(t.)]]dt. + [é 01(2)|[cAgiz(t.) + o Ayz(t. — 1)+
oLi(y(t.) — i(t.)) + B(£1(2/0) + ourte + ouste)]|oawte,
Yaite) = 1 — paate

and
gt. = Cat,, l=1,2,3...71.

The observation error is defined as
det, = dxt. — dxt,. (2.18)
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Therefore, the error dynamic is noted by

Hdete = [ZZT: w(2)[p(Aute — pLiC)et, + pAge(t. — 1)) + pB(&(wtct.) — ,Uél (2/0) — pust.)
=1

"‘NB(fl(x(tc - TC)tC) - ,uu2tc)]dt + [lil NI(Z)[N(A?»ltc - NLZC)etc + NA4le<tc - TC)]

—uB(&1(2/0) + pante) — pB(uate) pawte.
Ogete) = [1—21 o(2)|[o(Ayt. — oLiC)et. + o Age(t. — 1.)| + o B(&1(xtte) — Uél (%/0) — owt.) (2.19)

+oB(& (x(te — 1)te) — oust.)|dt + > 01(2)[o(Asite — o LiC)et. + o Aye(t. — 7.)]

=1
—0B(&(2/0) + ouit.) — 0 B(ust,)]|oguwte.
and
’Ydetc = 1- #detc

3 Main Result

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

ppte = > (2)(pAyrt. + pAyr(te — 7)) + pB& (vtet.) + pBE (w(te — 7.)te)
-1

pgte = > u(2)(pAsizt, + pAgyx(te — 7)) + pBEs(atot,) + pBéa(x(te — To)te).
=1

ote =Y 0(2)(cAyzt. + o Ay (te — 7)) + o B& (at t.) + o BE (x(te — 7e)te)

=1

r (3.1)
Ugtc = Z 0'1(2> (O-A?)ll'tc + O-A4lx(tc - Tc)) + UB£3(xtctc) + JB@L(‘T(tC - Tc)tc>'

=1

Yete = > (2)(YAuxt. + yAyx(t. — 7)) + yB& (xtcte) + vB& (x(te — To)te)
=1

Yote = D n(2)(VAzxte + yAuz(te — 7)) + VB (wtcte) + vBE(x(te — 7))
=

Then the stochastic time delay chaotic system is

pate — po(te — 7e) = [ pda(s) = [/ pf(s)ds+ [ ng(s)maw(s).
t t t
Opte = 0u(te —7.) = [,_, odu(s) = [,__of(s)ds+ [,_ 0g(s)0au(s). (3.2)
t t t
Vate — Yu(te — 70) = ft_TC ydx(s) = ft_n vf(s)ds + ft_TC 9(8)Yaw(s).
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, ), S, R, Dy, D; and the feedback gain L;,
i=1,2,3,4,...,r such that PB = C"and the following condition holds

[(Ay; — LiC)'P + P(Ay; — LiC) + R+ Dy + Dy + PAyR'A]] < —Q, 3.3)
Amin(@i) = 27Ms [|C|. '

where A i, denotes the minimum eigen value of a matrix.
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Given the supervisory controls

_: BT Pe _¢ BT Pe
NBTPe|” T | BTPe|

where ,;31 and ég stand for estimators of £; and &s.

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

0 = 2nw(i)BT Pe,
& = 2me’PB,
52 = 27]26TPB.

where 7, 71, 7> denotes positive adaption constants.

Proof: Consider the Lyapunov-Krasovskii functional as follows:

1 1 - t
Vt, = el Pe + —tr(070) + —§1 —&+ / e’'(0)Se(o)do,
2n 212 t—re

2m
where
0= 0" — 0,
§1 51 517
52 == €2 - 527

then its derivative can be obtained by /¢6 formula that

dvt, = LVt.dt+ 2eT Pgt.dwt,
LVt. = Vite+ Vetefte + strace(g’ Veeg)

Therefore

pLvte = 2€TP([§:1 pi(2) [(Arite— pLiC)ete+pAsie(te — 7o) +puB (& (vt te) — i (2/6)

"’:UB(&.(:C(tc — Te)te) — pusgt,)]) + /LeTSe + /LgTPg - ,u%tr(éTé) - Nnilglél

_/1/77%5252 - N€T<tc - Tc)Se(tc - Tc)-

oLvte = ZeTP([Z 0i(2)[o(Avite— 0 L;C)etet0 Agie(te — 7o)+ B(& (at t,)— o€ (3/0)

=1

+oB(&(x(te — To)te) — cust.)]) + oel Se + ogt Pg — J%tr(éTé) — o—nilélél

_0',]%5252 - UeT(tc - Tc)Se<tc - Tc)'
Mnvlte = 1 — ppyte

Now consider the relation
¢"Pg < e Dye + eT(tC —1.)Dye(t. — 7).

(3.4)

(3.5)

(3.6)

(3.7)

(3.8)

— purt.)

—ouyt,)

(3.9)

(3.10)
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Then

M]LVtc

oLvte

YLvite

IN

IN

26TP([i 1i(2) [(Avite— pLiC)ete+ pAsie(te — 7o)+ uB (& (vt te) — i (2/0) — pust.)

1=1
+uB( Q(x(_tc — Te)te) - puste)]) + pe’ Se + e’ Doe + pe’ (t. — 7.) Dye(te — 7e)
w—= %tr(eTe) - M%&& - Nn_l2€2€2 - ﬂeT(tc - Tc)Se<tc - Tc)
Z i [GTP<AM —i C)Te + ,MGT(AU —i C’)Pe + /LQGTPAQiE(tC — Tc)]
=1

+p2e” PB(& (atete) — péi (2/0))
—p2e" PB(u1) + p2e" PB(&(2(te — 7)) — pug) + pe” Se + pe’ Doe

+:U/€T(tc - Tc)Dle(tc - Tc) - %tr(QNTé) - ,un_llélél - /Ln%gééQ - MeT(tc - 7-c)Se<tc - Tc)-

267 P32 0:(2) o (Avite— 0 LiC)et o+ Asielt — 7.)|+0 B(& (atote) — 0y (/6) —oust,)
+o—B(§(§(¢c — 7)te) — oust,)]) + oe”Se + oe” Dye + o€ (t, — 7.) Dyelt, — 7.)

o— %tr(HNTé) — anilélél - an—12§2§2 —oel'(t, — 7.)Se(t, — 7.)

Z oile? P(Ay; — oL;C)Te + o€ (Ay; — o L;C) Pe + 02e” P Agie(t, — 7))

02T PB(G (1) — o6 (3/0)

—02e" PB(uy) + 02e" PB(& (2t — 7)) — ous) + aeTSe'—i— oel Dye

+oe” (te — 7o) Dielte — 7o) — 2tr(070) — 02816y — oL 6sly — o€” (t. — 7o) Se(te — 7).

1 —vte
(3.11)

Now consider the relation

2T PAgie(t. — 1.) < " PAy R AL Pe + €' (t, — 1.)Re(t. — T.). (3.12)
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Therefore the equation (3.11) becomes

prvte < Z wi €' [P(Ay; — LiC)T + (A, — LiC)P + PAy, R7YAL P + Sle + e (t. — 7.)Re(t, — 7.
+2eTPB(§1(xt te) — &1(2/0)) — 2eT PB(u1) + 26" PB(&(a(te — 7)) — u2)+

TDoe +eT(te = 7o) Dre(te — 7e) — 2tr(0760) — 2618y — 266 — €T (te — 72) Selte — 7).
Z p; €7 [P(Ay — LiC)T + (Ay — LiC)P + R+ Do + Dy + PAy R AT Ple+
—|—26TPB(§1(xt te) — £1(2/0)) - QeTPB.(ul) + 2T PB(&(x(te — To)te))
—2€TPBUQ ltr(HTé) — 771—15151 — ,7125252-
opvte < Z o; e [P(Ay; — LiC)T + (Ay; — LiC)P + PAy,RTALP + Sle + €T (t. — 7.)Re(t. — 7.)
+26TPB(§1(1‘25 te) — £(2/0)) — 2¢T PB(u,) + QGTPB(é'Q(JZ(?C —T.)) — u2)+

TDOe + el (te — 7o) Dre(te — 7o) — 2tr(670) — L&1&1 — 268 — e (te — 7o) Selte — 7o)
Z o; €T [P(Ay; — LiC)" + (Ay; — LiC)P + R+ Do+ Dy + PAy R A7 Ple+
+26TPB(§1(:E15 te) — £1(2/0)) — 2¢T PB(uy) + 2eT PB(&(x(t. — 70)t))

—2¢" PBuy — %tr(@Té) - 771—15151 - ,7—125252.
yvte < 1 —pvte

IN

IN

(3.13)
Again we consider the relation

pea (tete) —p&a(2/0) = Mgl(ﬂt) & (B/0) g, (2/07) — g, (2/07)+ pig, (w/607) = pg, (2/67)
/ ) A hg, (2/07) = (2 /0))+ pe, ((2/07) = u(2/67))
[07))+ g, (£) + prger () — s (2)),

0¢, (8/0)+0¢,(2/07) —0¢, (2/07) +0¢, (/07) —0g, (2/67)
2/6%))+o ((x/G*) (I/9))+0 ((z/07)— (96/9*))
/0" ))+09Tw( &) +0gr () — ( );

Ve (wtete) =76, (2/0) = 1= [g, (wtete) — péi(/6)] (3.14)

,Ugl(

= (usl pg, (2
O¢y (.fL't tc)
0 —U&(

= (051 _Ogl(

¢, (ztote)— 0oy (2/6)

and
P(Ay; — LiC)Y' 4 (A — LiC)P + R+ Dy + Dy + PAy R AL P < —Q,. (3.15)
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Now, the equation (3.13) become
pvte < 30T pie” (=Qi)e + 267 PB(&(wtote) — &1(3/0) + &1(2/07) — E1(3/07) + 51(%/9 )
—fl(fb‘/@*)) 2e TPB(U1)+2€TPB<€2($(tC — Tc)tc))—26TPBU2—ltT(9T9) 5151——5252

< Y me” (—Qie+2e" PB(&—&1(8/67))+2¢" PB(0"w(i ))+26TPB(9*T( ( )—W(i")))

—2e¢" PB(uy) + 2" PB(&(x(t. — Te)te)) — 2eT PBug — ltr(QTH)
i e (= Qi)e + 2y e || Mo + lt?“[eT(QWfL‘@TPB 0)]

IN

+2eTPB(§1—u1)+2eTPB($2—u2) nil(zmeTPB &)+
orvte < Y 0" (=Qie + 2y [lel|* | Ol My + L tr[f” (2nwie” PB — 9)]
+2¢" PB( — ) + 2" PB(& — up) + = (2me" PB — &) +
and

ywvte > 1 —[pLvt]
Now applying adaptive updating law (3.4) and (3.4) into (3.16), which yields
LVt, < —elpe, >0

Therefore
dVt. = —e pe + 2’ Pyt dwt,

Taking expectation, then it follows that
E[dVt.] = E[—e’ Be] + E[2¢” Pgt.dwt,].

Then it follows
dvt, < —e® fe.

Therefore V' € L., which indicate that e, é, 51, 52, Uy, U € Lo.

Integrating (3.20) from 0 to oo result in

ﬁ/oo eel'dt < V(0) — V(o0) < o0.
0

L& — L
(2772€TPB fg)f

—(2me" PB — 52)52

(3.16)

(3.17)

(3.18)

(3.19)

(3.20)

(3.21)

That mean that e € Lo, applying the Lipschitz condition to the neutrosophic estimation lead to that ¢ € L.

Based on the Barbalat lemma, one may conclude that e — 0 as t — oc.

Which is asymptotically stable in mean square.[

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

:udxtc = [; :UZ(Z) (/J/Ali + AHAU)‘(EtC + (:UA2¢ + A/’LAQi)(x(tc - 7_0)) + :UButC]d?H_
[; MI(Z)(MA&‘ + ANA&‘)xtC + (:quu + AMAM)(a:(tC - TC)) + /LButC],U/dwtc
Odgle = [Z 0i<z) (O-Ali + AO_Ali)xtC + (JAQi + AO_Azi)(I(tC - TC)) + OButC]dt+
=1
[Z Ul(z) (UASi + AO—AS'L)'ZE{;C + (UA4i + AUA4i)(x<tc - TC)) + UButC]watc
=1
Ydz = 1— Mda;tc
and
yt. = Cuat,

and the corresponding neutrosophic observer is

:udi"tc

Oqzte

Ydz tc
and

yte

Now the syste

ﬂdactc =

Udmtc -

’7d$tc =
and

ytc =

Theorem 3.2

= [; 1 (2) (g, Bte + pagte)z(te — 7e) + o, (yte — Gte) — ppr,2tcdt

+[>° pi(2) (agBte + pagte)(te — 7e) + po, (yte — 9te) — /LBKii‘tc},udwtc
1=1
= [Z Ul(z) (JMAMitC + :UAzitC)z(tc - TC) + ﬂLi(ytc - Z)tc) - MBKi'@tC]dt
=1
+[Z :ui(z> (/LA&"%tC + NA3itC>x(tC - TC) + L, (ytc - th> - :uBKz‘j;tC}:U’dwtC
=1

= 1_,udxtc
= (Czt..

m can be represented as

Z Ui(z)[ﬂAuxtc + /J’AQix<tC —7e) + HBé (wtcte) + HBE, (w(te — Te)te) + :“BUtC]dt
=1

+ > 1i(2) [ agate + page(te — 7e) + KB, (wtcte) + KBe, (z(te — 7e)te) + ppute]ptawt.

=1
r

Yo oi(2)[oa,ate + oayx(te — ) + 0pey (Ttte) + ope, (v(te — T)te) + oput.]dt
i=1

i=1
1 - :udztc

Cuxt,.
Let the neutrosophic controller in (3.24) be chosen as

fute = Doy Hil—pr, — prpul® — Hé, (2/6) = ur — s,
Oute = D1y Oil—0K, — op,om]% — 0 (2/0) — uy — us,
Yute = 1- ,uutc

+ > 0i(2)[ragate + Taga(te — 7e) + 0pe (xtcte) + ope, (x(te — Te)te) + oput |oawt.

(3.22)

(3.23)

(3.24)

(3.25)
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where M 1is a positive definite matrix and K;is neutrosophic feedback gain. Suppose definitions of fl (z/0)
U1, ug, and the stability conditions in theorem(1) hold. If the positive definite neutrosophic matrices M, W, U,

Vo, Viand N, forv =1, 2, 3,...,r exist, the following conditions are satisfied

(A1 — BK)"™M + M(Ay; — BK;) + U + Vo + Vi + MAxU AT MT < —N; Vi

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

Vt, = fM:c + T Pe + tr(9T9) + 51 + 27752
Ji_.. " (0)Se(0) da + ft . AT (0)S%(o)do,
pvte = [0 0287 (ay, — ppiacy@te + 287 pay 2(te — 7)) + 287 p i, poel
=1

+[Z i [2€TNP(/~LA1¢ - MLiC)etc + 2€TMPMA2i6(tc - TC)H + QeT,uP,U/BM&
i=1

+2€TM.PMBN£2 + 2e" pppput. + 2e” pppppg,t — %”’(éT@ - %&51

—1 5252 - eTt Set - eT(tc - Tc):use(tc - Tc) + :i'T:uW*% - i'(tc - TC)TMW:%<tc

g tcuwgt + g"teppgte

ovte = [Z 0:(227 (0 a,, — 0ROk, Tt + 20700, 2(te — 7)) + 28T oprorp. 0c€]
i=1

+[>" 0il2eTop(oa,, — on.c)ete + 2T opoa,e(t. — .)]] + 2eT opopog,
i=1

+2eT 0pOBTE, + 2eTopoput, + 2eTopogoy, @ — ltr(HTQ) 15151

(3.26)

— TC)+

__5252 —€ t S€t — € (tc - Tc)o-Se(tc - c) + &t UWJ: - x(tc - TC)TUW‘i(tc - Tc)+

g tawgt + gTt.opgt.
Ynvte = 1 —ppyte
Now consider the relation

thchtc
g"t.Pyt,

2TVoz + 2T (t, — T )Vid(t, — 7o)

<
< eT'Dye+ et (t, — 7.)Die(t, — 7.

prvte < Zlm@t?[(/mu—uLiMc)TuPﬂLMP(MAli—MLiMc)+MR+uDo+uD1+MPMA21~R-

+2€TMP/LB§1 + 2€TMP/LB§2 + 26TPBUT,C — %t”f‘(éTé> — n%élél — 77%5252
+ Z 1287 g, e + Z 12" [(pay, — ppir,)" i
+MM(MA11 — pBliK,) + uMuAmuU T v o+ vy v |3t

(3.27)

(3.28)

THAT fplet.

ovte < ZaletcT[(aAh.—aLiac) op+0p(0ay,; —01,00)+0R + 0p,+0p, +0p0 ., r-10 47 Tpet.

i=1 ) )
—|—26TUPJB§1 + 26TUPUB£2 + 2" PBut, — %tr(éTé) — n%élél — %5252
+ Z 028 oo, 00e + Z oiit (o4, — opok,)Tom

i=1 =
+UM(O'A1 O'BO'KZ-) + UMO'AQZ-O'U 10 AT 0N + oy + oy, + le]i’tc
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Now we put
pate = Dy pal—px, = pr )@ — &(2/6) — u1 — ug
oute = Y, 0il—0Kk, — op,om)T — & (E/0) — ur — us (3.30)
’Yutc = 1- Nutc

Therefore
pLvte < Z Uietz[(MA1i _MLiO)TMP+/~LP(MA1i _PJLi,UC) +URT Dyt D, +MPMA2i/“LR*1MA%;MP]6tC
i=1 o R i
+2ijupuB(£1 — g, (8/0) = w)2e” pppppe, —us — 5tr(070) — 5 Gipg =5 G
+ 30 i@ ((pay — i) e+ par (ay, — 1Bi) Ay o1 poag foag +U +Vo + Vi)t
i=1
ovte < Y oietl|(oa,—01,C) optop(oa,—0or,00)+0r+0p,+0D, +0PO A, OR-1047 Oplelc+
i=1 o ~ -
267;0'}30'3(51 — g, (2/0) — u1)2e’ opopoe, — us — %tr(@TQ) — %nlflaél — %méaég
+ E UifTKO'AU - O'BO'KZ.)TO'M + O’M(UAM - UBi) + O’MO'AQZ.O'U—MTA%;O'M + U + V{) + Vl]itc
i=1

fY]LVtc S 1_MLVtC

(3.31)
adopting the results from the theorem 1 yields
pvte < —pele+ 30 i [(pay, — pspr)” mar + e (pay, — psii,)
i=1
FUM Ay P aT poar + o+ pVo + py ]t
- (3.32)

O'L‘/'tc S —BeTe + Z O',‘JAIT[(O'AM - O'BO'KZ.)TO'M + O'M(O'Ah. - O'BO'KZ-)
=1

+O'MUA2iO'U—1UA2TiO'M+UU+U‘/E)+le]itc
'YILVtc 2 1_M]LVtc

Given the stability conditions (3.26), it follows that

]LVtc < _ﬁeTe - 22:1 ﬂl)\mm(Nz) H*@HQ ) (3 33)
< pefe—ails, a>0 '
Therefore
dVt, = —el pe — o’z + 2¢T Pyt dwt, (3.34)

Taking expectation, then it follows that

E[dVt,]
dut,

E[(—e'Be — az”z)] + E[2¢" Pgt.dwt,]
—eTBe —az’d

IA

Using the Barbalat lemma, both e and & will eventually approach zero.O

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

Synchronization of Time Delay Neutrosophic Stochastic System



Neutrosophic Sets and Systems, Vol. 56, 2023 305
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
T
Pdzmte = [D0 Hi(pa, Tmte + pig, Tm(te — 7c) + pig,rte)]dt
i=1
-
+[7§1 'ui(’MTBixmthFMZMxm(tc*TC)+lff§i7'tC)]#dwtC»
,
Odete = [D20i(04, Tmte + 04, Tm(te — Tc) + 0, 1t.)]dt
i=1 (3.35)
+ [izl o (Ufmﬁertc+Uz4ixer(tc_TC)'H’Ei th)]odu1t07
f}/da:mtc = 1- Hdz,, (tc - Tc)
and
ymtc - metc

wherezu = Ali — BK“ Zgi = AgiZ&' = Agi — BK“ Z4i = A4i7 Ez = Bsz, sz i1s a known real matrix

and rt. is reference input.

The observer for tracking control is

M%

Hazte = [ KAy — MBMKi)j:tC + MAQij:(tC - TC) + L, (ytc - th) + MBNKmiTtC]dt
i=1
+ 2 [(pas, — pspir,)Tte + pa, (e — 7) + pr, (Yte — Jte) + pBpix,, rte fawte
i=1
ogte = > (04, — 0poK,)Tte + oy &(te — Te) + o, (yte — Yte) + opok,, rtc|dt (3.36)
i=1
+ > [(0ay — 0o, Tte + 0a, 2 (te — Te) + 0L, (yte — L) + 00K, Tl Odute
i=1
Yaite = 1 — pastc
gt., = Cit,.
Therefore the neutrosophic reference model can be written as
Hdzpte = Z Ui[(ﬂ’Au - /"LBHKi)Ith + :UAzixm(tc - TC) + NBMKmiTtC]dt
i=1
+ Z Mi[(N’ASi - MB/’LKi>xth + MAMxm(tc - TC) + /’LBILLKmiTtC]/’Ld’wtC (3.37)
i=1
Odz, te = Z oil(0ay, — 0BOK, ) Tmte + O A, T (te — Te) + POk, Tt]dt
i=1
+ Z 0il(0ay, — OBOK,)Tmte + Oa,Tm(te — Te) + 0BOK, ,Tle|Oawt. (3.38)

i=1
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’ydacmtc = 1- ,udacmtc (339)
and

Define the error vectors et. = xt. — Tt Tt. = Tpt. — 2t The error dynamics system of et and T is

pacte = 3o pil(pay, — prpc)ete + page(te — 7c) + ppse — fBlK,, Tl + pputc]dt
=1
+ Z /’Li[(/’LASi - MLi,uC)etc + MA4i€(tC - Tc) + :uBgQ - MBILLKmiTtC + MBUtC]detc
=1
Ui[(UAli - ULiOC)etc + O_AZie(tC - Tc) + 0362 - O-BO-KmirtC + JBUtc]dt

1
T

+ > 0i[(0as, — oLioc)et. + oa,e(te — 7c) + 0p&a — 0pOK, Tt + Oput.]oaut.
i=1
f)/detc = 1- ,udetc
and (3.41)

Ogete =

(2

iz = ; 103 (1ay, — pphtre,)Tte + pAsT(t, — 72) — pip poztc)dt

+ i; Wil (pas, — ik, )Tte + pa, T(te — Te) — pr, ozte] fhawte
Odz = iai[(aAli — 0BOK,)Tte + 0 AyZ(t, — 7.) — op,00zt|dt

+ i 0i[(0a5 — OBOK, )Tt + 04, T(te — Te) — 0,007t Oaut.
Moz = 1 l—:LdE

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

~

pute = i il —px® = priptn® + pcmirte) — §(2/0) — uy — ug,

oute = Y i1 0i(—0K,T — 0LioMT + Ormirte) — &1(2/0) — ug — uo, (3.42)
,U/utc = 1- ,uutc

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

Vt, = T'MT + " Pe + 3-tr(070) + 583 + 583+

Lt_TC GT(U)SG(U)dJ + f;ft—’rc fT(O')Sf(O’)dO‘ (3.43)

Suppose the derivative of (3.43) as

puvte < 21 pti € [(pay, —prropo) T e pp(pay, — [ o) F 1Dy Dy IR P Ay R [, ip]e
+2eT ppppé + 2e7 _Pupés + 30 2T ppppuid + Y 267 PB(—K;)3 — 2¢" pupppéi (2/6)
=1 i=1

—2eT upppuy — 2et ppupus — - w27 ppspinic + > pi(—=J) LT
i=1 i=1
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oyte < iloi e"(oa, —or,00) 0p+0p(0ay, —0L,00) +0py + 0p, + O+ 0pOa,Tr-104, Ople
+2eTopopé + 2eT _Popéy + éQGTUPUBO'KZ@ + i 2T PB(—K;)i — QGTUPUB&(@/H)
= i=1
—2eTopoguy — 2eTopoguy — Zr: 0:.2Z 00O LiCT + ZT: oi(—J)z'T
Tvte 21— vt - -

(3.44)
adopting the results from the theorem 1 and theorem 2 and Given the stability conditions (3.42), it follows that
LVt, < fele — 67 T, 6 > 0 (3.45)

Therefore
dVt.= —e'Be — 67" 7 + 2[e" P + T M]gt.dwt. (3.46)

Taking expectation, then it follows that

E[dVt.] E[(—e”Be — 6277)] + E[2[e’ P + 2" M| Pgt .dwt]

—el'Be — 67T

IA I

Using the Barbalat lemma, both § and T 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:

Ctl = —T3 — X2
To = X1+ axs “4.1)
Ztg = b+ ZL’3(J]1 — C)

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:

T = —axy + fra(t. — 1)
To = x1+ 0xe(te — 7o) + €x3(t. — 7¢) 4.2)
1‘3 = UI3 + VX1 Zo

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
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Meutrosophic Components
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Figure 1: Neutrosophic components Function for Timet.andstatevariablesxy, xo, x3

is defined by the following set of differential equations:

drit, = [—axy + Bro(t. — 70)|dt + o1[—ax;]dwt.
drot, = [yr1+ dxo(te — 7o) + exs(te — 70)|dt + 09[dxo(t. — To)|dwt, 4.3)
drot. = [pxs + vrix9)dt + 03[T122|dwt,

The system (4.3) is the stochastic differential equation that gives the Gensio Tesi chaotic delay system. Here
01,09, 03 are the noise parameter. For this problem these parameter values are vary inbetween 0 and 1. wt, 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 timet.andstatevariablesxy, xs, T3.
Figure 2 shows neutrosophic components function the state variables x; without time .
Figure 3 portraits neutrosophic components function the state variables x» without time ¢.
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Figure 2: Neutrosophic components Function for state variables =1
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Figure 4 portraits neutrosophic components function the state variables x3 without time ¢.

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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