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1 Introduction

Over the past decades, an enormous number of works have been significant as regards
various neural networks because of wide applications, such as signal processing, pattern
recognition, solving nonlinear algebraic equations, and so on. Therefore, numerous works
which have been considered in the stability analysis performance behavior of neural net-
works [1-5]. Over the past decades, the stochastic jumping neural network (SJNN) has
been widely investigated due to random changes in the interconnections of dynamic net-
work nodes, and many works have been devoted to the study of SINN [6-8]. It is well rec-
ognized that the time delays are frequently encountered in many practical systems, such as
communication systems, neural networks and engineering systems etc., which is the main
source of poor performance in the system. It is noted that, because of finite speed, the dis-
crete delay always involves the information processing. Therefore, the stability problem
for the discrete-time stochastic jumping neural network (DTSJNN) has attracted a con-
siderable amount of attention; see [9-12] and the references therein.

However, complexity and uncertainty as well as vagueness exist in the dynamic systems,
which can be described by fuzzy theory. It is noted that T-S fuzzy systems give a local
linear representation of the considered nonlinear dynamic system, which involve of a set
of IF-THEN rules. It is reasonable that nonlinear systems are modeled by a set of lin-
ear sub-models with the aid of a T-S fuzzy model [13-19]. Originally, the linear models
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are introduced to represent the local dynamics of state space regions. Recently, various
previous results have been considered on the stability and other dynamical behaviors of
T-S fuzzy neural networks [20-24] and stochastic differential equations with fuzzy rules
[25-31]. However, in the existing literature, the proposed state estimator design methods
were based on knowledge of communication between the neural network and the esti-
mator are perfect. However, in many practical systems, the communication may be partly
available. It is necessary to study such general SJNN with unreliable communication links
(UCLs) [32—-34], which was neglected in the aforementioned literature. On the other hand,
most obtained results concern an infinite-time interval. Compared with the infinite-time
one, a finite-time possesses performance of fast convergence and achieves better stability
properties. Therefore, many scholars have devoted their studies to the finite-time stability
problem for nonlinear systems without delay [35] and with delay [36—42]. From [25-27,
35-43] and the references therein it is apparent that researchers in this field have not es-
tablished an estimation problem for fuzzy DTSJNN with UCLs so far. A natural question
is how to cope with the finite-time state estimation problem for T-S fuzzy DTSJNN with
UCLs. To the best of our knowledge, such a question has not been fully studied.

Motivated by the above discussion, we present a new and more relaxed technique to
study the finite-time state estimation for T-S fuzzy stochastic jumping neural networks
subject to UCLs. This paper gets more information as regards large and small activation
functions, which covers some existing activation functions as special cases. A new random
process is introduced to model the phenomenon of signal transmission, and some delay
dependent sufficient conditions are given by implementing the Lyapunov functional. Fi-
nally a numerical example has been offered to show the effectiveness of the proposed ap-
proach.

Notation: R” denotes the n-dimensional Euclidean space; the superscripts —1 and T de-
note the inverse and transpose, respectively. - denotes the expectation operator with re-
spect to some probability measure. The symbol He(Q) is used to represent Q + QT. x is
employed to represent a term that is induced by symmetry. ® denotes the Kronecker prod-

uct. e = [O2n><2(s—1)n 12;1 02n><2(9—s)n] (S =12,..., 9)

2 Preliminaries

Given a probability space (2, F, p) where Q is the sample space, F is the algebra of events,
and p is the probability measure defined on F. The T-S fuzzy DTSJNNs over the space
(2, F, p) are given by the following model:

Plant Rule i:
IF & is M;; and ... and &, is M,
THEN

xk +1) = Ai(r)x(k) + Bi(r)f (x(k)) + Ci(ri)g(x(k — T(k))) + Di(ri)ew(t)
y(k) = Cri(ri)x(k) + Coi(ri)xlk — T (k)),

)

where x(k) € R” and y(k) € R? represent state and output measured vector, respectively.

The external disturbance w(k) € R? is a disturbance signal that belongs to /,[0, 00) and
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satisfies

N
E{Zaﬂ(k)w(k)gd}, d>0. (2)

k=0

The stochastic jump process {rx, k > 0} is a discrete-time, discrete-state Markov chain
taking values in a finite set £ = {1,2,...,s} with transition probabilities 7, given by
Yo Tm =1, 7y > 0,1 € L. § and My; (i =1,2,...,4,j =1,2,...,p) are, respectively, the
premise variables and the fuzzy sets, g is the number of IF-THEN rules. The fuzzy basis

functions are given by

[T, 1(8(K)

hi(£(k)) = )
(£G6) S T my(&(K)

in which p;(¢;(k)) represents the grade of membership of &;(k) in w;. It is obvious that
7 hi(&(k)) = 1 with /;(§ (k)) > 0. The transmission delay 7 (k) is time-varying and satisfies
0 < 71 < 7(k) < 13, where 1, and 7; are known constants. f(x(k)) and g(x(k — 7(k))) are the
neuron activation functions.
Utilizing the centroid method for defuzzification, the fuzzy system (1) is inferred as fol-

lows:

x(k +1)
=21 hi(E () Ai(r)x(k) + Bi(r)f (x(k)) + Ci(ri)g(x(k — T(k))) + Di(ri)w ()], (3)
y(k) = Y1) hi(E (k) [Cri(r)a(k) + Caoi(ri)x(k — T(k))].

Throughout the paper, it is definitely understood that the actual input available to the
desired estimator is y,s(k). In the early research of state estimation for neural networks,
the signals’ transmissions were assumed to be in an ideal communication link, that is,
¥as(k) = y(k). However, there exists a spot with transmission from the sensor to the es-
timator in the real world. The missing data phenomenon was modeled by introducing a
stochastic Bernoulli approach, which is employed to described the UCL, and the relation-
ship between y,,(k) and y(k) can be described by

Yas(k) = @ (k)y(k), (4)

where the stochastic variable @ (k) is Bernoulli-distributed white noise sequence specified

by the following law:

Pr{w(k)} = w, (5)
where @ € [0,1] is a known constant. Obviously, @ = 0 means the information of com-
munication link (CL) is not available. Similarly, o = 1 means the information of CL is

available. For the stochastic variable @ (k), it is easy to see that

ol -o)=0, Ellok-o|}=al-o). (6)
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For the T-S fuzzy SJNN (3), the state estimator is presented as follows:

q
Rk +1) =Y mi(&())[Ai(r)&(K) + Bilr)f (R(K)) + Ci(ro)g (&(k — 7 (K)))

+ Ki(ri) (yas(k) = Cri(r)(k) = Coi(ri)x(k - 7 (k) )]
q
= Y H(ER)[Adrath) + Bi(r)f (R(K)) + Cilr)g (R(k - 7(K)))
i=1
+ Ki(ri) (@ (k)y (k) = Cri(ri)x(k) — Coilri)i (k — T(K)))], 7)

where x(k) is the estimate of the state x(k) and for each r; € L, K;(r¢) is the estimator
parameter to be determined.

Let x(k) = (e1(k), e2(k), ..., e, (k)T = x(k) — x(k) be the state error and the output estima-
tion error. f(e(k)) = f(x(k)) — f(%(k)) and g(e(k)) = g(x(k)) — g(x(k)). For convenience, we
denote A;(rx) = A;;, and the other symbols are similarly represented. The resulting esti-
mation error is governed by

k+1)-2h Z £(R)[(Ais - KiyCyjpe(k) — Ky Coje(k — (k)

i=1
+ Bi,lf(e(k)) + Ci,lg(e(k - 7:(/())) + (1 - @)K Cyjx(k)
— (o (k) = @) K; i Cyjux(k) + (1 — @)K oy (k — T (k))
(@ (k) - @)Ky Cope(k - T(K)) + Dilr)er(s)]. (8)

In the following, we introduce a new vector n(k) = [xT(k) eT(K)]T, f(n(k)) =
T (x(k) fT(e(k)]T, and g(n(k — t(k))) = [gT(x(k — T(k))) gT(e(k — T(k)))]T, the state es-

timation for SJNN can be represented as follows:
n(k +1) = Aum(k) + Avn (k = (k) + Byyf (n(k)) + Ciag(n(t - 7 (K)))
+ Dyw(k) + (w (k) — &) MK CrjuN (k)
+ (w (k) - @) MK CouNn (k — 7(K)), (9)

where

q
A 0
Ll = h h (k) ’ )
Z Z ! ) (1-2)K; Cyy Ay — KiyCyjy

Jj=1

! 0 0
Am—;h (W)Y hi(E k) [(1—w)1<i,1cz,,z —m,zcz,,z]’

j=1

! By 0 ! Cy O
By=Y hi(£(k) [ . BJ . Cu=Y hi(E(K) [ o CJ ,
i=1 b ' b
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Definition 2.1 ([11, 15]) The augmented T-S fuzzy MJNN (9) with w(k) = 0 is said to be
stochastically finite-time stable (SFTS) with respect to (c1, c2, R, N), if there exist a positive
matrix R and scalars ¢j, ¢y > 0, such that
E{xT(kl)Rx(/q)} <aq = E{xT(kz)Rx(kz)} <cy,
vVt € {-15,...,-1,0}, b € {1,2,...,N}.
Definition 2.2 ([11, 15]) The augmented T-S fuzzy MJNN (9) is said to be stochastically
finite-time bounded (SFTB) with respect to (¢, ¢z, R, N, d), if there exist a matrix R > 0 and
scalars ¢, ¢y > 0, such that
E{xT(kl)Rx(/q)} <¢q = E{xT(kz)Rx(kz)} < Cy,
th S {—‘L’z,...,—l,O},tg S {1,2,,N}

Lemma 2.1 ([43]) Let X = X7, Y and Z be real matrices of appropriate dimensions with L
satisfying LTL < I, the following inequality holds:

X+YLZ+ZTLYT <0
if and only if there exists a positive scalar & > 0 such that
X+eYYT+e'ZTZ<0.

Remark1 In [11], it is found that the neuron state-based nonlinear functions f(-) and g(-)
are related to n(k) and n(k — t(k)), respectively, which cannot be handled directly by the
Matlab tool. Notice that f(0) = 0, g(0) = 0, one has

[F(w) = f) = th(u = )] [f(w) —f(v) = Us(u - v)] <0,
[g(w) = g(v) = Vi = )] [g(w) — g(v) = Valu —v)] <0,

where Uy, U, V; and V; are real matrices with compatible dimensions. In this paper, f(-)
and g(-) are mode-dependent nonlinear functions:

[f (n()) = thun(®)] " [f (n(k)) = Ui (n(K))] < O,

[¢(n(k = 2(k))) = Van (k = 2 (k)] [g(n(k - 2(K))) = Var(n(k - 2(K)))] < O, "

where Uy, Uy, V15, and Vo are real matrices with appropriate dimensions. It will be used
in the proof of our results.

It is noted that tr(lfy;) < tr(Usy) and tr(Vy) < tr(Vy). In such a case, one finds that
Sf(n(k)) € [Un, Un] and g(n(k - t(k))) € [V, Vai]. One has

0 if k Uy, Uy,
qaly= |0 et Gy w1,
1 it F(R)) € (U Und,

(k) = 0 ifg(nk -7 (k)€ [V, Vi, () + 1(k) = 1,
1 ifg(n(k —7(k) € [Vi, Varl,
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where x;1(k) and «; (k) are two independent Bernoulli-distributed sequences satisfying

Pr{a() =1} =x,  Pr{x(k)=0}=1-x,
Pr{ii(k) =1} =k, Pr{aa(k) =0} =1-r,

which yields

[/ (n(®)) = thun@®)]" [fi (n(0) = Ui(n(k))] <
2 (n (k) = L ()] [£2(n () — Lz (n(k )]
[g1(n(k = 7(K))) = Vam (k = = (0)) ] [&1 (n (k 7(k ))—Vz(n(k—f(k)))]fo,
[g2(n(k ~ 7(K))) = Vin(k 7 (k)] [g2 (n(k — 7(K))) = Var(n(k ~ 7 (K)))] <O,

(11)

k), k) =1, k)), k) =1,
Sn(&)), xa(k) B(k) - S((&)),  xa(k)

AnR) =
tyn(k), x(k) =0, Uyn(k), xa2(k)=0,

gk —(k))), K(k) =1,

a(nlk-1t(k))) =
1ol ) Vimtk = t(®), k1K) =0,

gtk —t(k)), Kaolk)=1,
Vom(k = (k)), #2(k) =0.

en(k-1k)) =

Therefore, f(n(k)) and g(n(k — t(k))) can be replaced by

F (k) = 1A (n(0) + x2(k)fa (n(k)),
g(n(k- (k) = c1K)gi (n(k - 7K))) + 2 kg (n(k - (K))).

3 Main results

The following is the main result of this paper.

Theorem 3.1 For given scalars N >0, >1,¢; >0,¢3 >0 and d > 0, the system (4) is SFTB
if there exist symmetric matrices P; >0, Qs >0 (s=1,2,3), R, >0 (n=1,2), S; >0 and
appropriately matrices H; (s =1,2,3), X,y > 0, Yy > 0 (n=1,2) such that, forany l € L, the
following LMIs hold:

'y = *
Iy Ty x| <0, (13)
Ly 0 Ty

yier +Yap + Asd < hicsa ™, (14)
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where
Iy =€l (Q1+ Qa2+ Qs)er — el Qres — e Qres — ef Qzes + €] (112Qa + TRy + TaRy)ey
+2H; (€1 — e3) + 2Ha(e3 — €2) + 2H3(ex — e4) — (@ — 1)e] Prey — €] Sieg
— (es — Uyel) " Xy(es — User) — (e — Ujer) T Xoi(eg — Uzer)

—(e7 = Viea)TYy(e7 — Vies) — (es — Viea) T Yoy (es — Vosen),
1—-(1) 1—-(2)
FZl = 31 I_,%é) ) F?)l = diag{_Pflv _Pflﬁ _,P[I) _,P[I; _P[li _Pfl}y
2

F4[ = [\/EHl A/ T12H2 4/T12H3]T, Fs[ = diag{—Rg, —(Rl + R2), _Rl}r

\/gAi,l «/gAli,l 0 0
F(zll) = | Vol -o)MK;,CyjuN 0 0 0],
| 0 A/ ZD'(l — ZD')MI(Z‘JCZI',]./\/, 0 0

[0 0 0 0 3Dy
r-{o oo o0 o |,
0000 0

[V2x8], 0 0 0 0

r® _ 0 V2x2B], 0 0 0 ,
2 0 0 V2K1Ciy 0 0
L O 0 0 V262G 0

q
P = E TP Ti2 =T — Ty,
m=1

1

1#1 = )\2 + 'Cl)\.g + ‘L'M)\z; + ‘L'M)u5 + 5‘[12(‘[1 + Ty — 1))\4,

1
Yy = E[le(ﬁ + 7 — g + a2 — A7),
)\1 =max )\min(ﬁl)r )»2 =max Amax(pl): )"3 = )"max(al): )"4 = )"max(az))

lel lel
)\5 = )"max(GS)r )"6 = )\max(ﬁl)¢ )\7 = Amax(ﬁ2)¢ )\8 = rlrgiix )"max(gl)y

— 1

Di=RIPR?, Q,=RIQR? (s=1,2,3), R, =RIR,R? (n=12).

Proof Let us construct the following Lyapunov functional of the form

3
V(ntk)re) =Y Vil 1), (15)
n=1
where
Vi(n(k), i) = x7 (k)Pyx(k), (16)
k-1 k-1 k-1
Va(n(k)r) = D nT©)Qnts)+ Y nT(s)Qanls)+ Y nT(s)Qsn(s), (17)

s=k-11 s=k—1(t) s=k—-19
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-7 -11-1 k-1
Va(nk),re) = > Z nT($)Qun(s) + Y Y sTRiS(s)
s=t—1o+1 s=k+t -1 s=k+t
1 k-1
£ D TR (), (18)
t=—7 s=k+t

with ¢ (k) = n(k + 1) — n(k).
Let E{AV (n(k),rk)} = EXV(nlk + 1), rk41 =) | e = i = V(n(k), i = §)}. Then we have

E{A\/l(n(k), rk)} = {nT(k + )Pk +1) —x7 (k)Plx(k)}
=T (k) : [Ai,lel + Ali,leZ +Died] TP, [Ai,lel + -Ali,le2 +D; e0]

+2[Ajer + Avier + Dijed] TP,
2 2
X Bz’,l Z Xn€a+n + Ci,l Z Ks€6+s
n=1 s=1

2 2
T T T T
+ E Xne4+nBi,1,PlBi,le4+n + E Ksegﬂcl',lplci,le&s

n=1 s=1

+ ZD'(l — ZD')@I (MI(,')[C]I‘,[N)T,PIMIQJClj'[Nel

w (1 — ZD')@; (MI(i,[Czjle)T,P[MIQ,[Czj,lNez }(ﬂ(k), (19)

where ¢T(k) = [n7(k) n7(k — ©(k)) nT(k = @) nT(k — ©) T (k) £ (n(k) gl (n(k -
(k) & (n(k = 7(k))) T (K)].
Using Lemma 2.1

2
20T (k)[Ajier + Aiies + Dises] TPiB;, Z Xn€asn® (k)

n=1
< @T(k)[Aier + Avijes + Dieg) TPl A e + Awies + Dieql (k)

2
+ 0T Y xuel B Pibsiessnp(R), (20)

n=1
2
207 (K)[ Aiser + Avizes + Dyses] "PiCis Y kieousp(K)

s=1

<¢T(k) [Ai,lel + Ali,leZ + Di,le9]TPl[Ai,lel + Ali,leZ + Diesl(k)

2
+@T (k)Y ksel, CTPICisesnp k), (21)
s=1
k k-1
E(AVa(k) )} =E1 D nT©Qn(s) - D nT(s)Qin(s)
s=k—-11+1 s=k-11
k k-1

Y Q) - Y nT(s)Qan(s)

s=k—t(t)+1 s=k—1(t)
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k-1
+ Z n"(s)Qan(s) - ZnT(SQ377S)}

s=k—19+1 s=k—19

< @T(k){e] (Q1 + Q2 + Q3)er —e] Qres — €] Qaes — e Qsea fp(K)

k-11
+ Y 0T(©)Qun(), (22)
s=k—19+1
-71 k
S{AVg(n(k),rk)}:E{ Z |: Z (5)Qan(s) - Z’I 5)Qan S)i|
t=—Tp,+1 Ls=k+t+1 s=k+t

-11-1 k-1
Yy [ > TORsE - gT(s)R1g<s>}

t=—Tm Ls=k+t+1 s=k+t

-1 k k-1
Yy [ > TR - Y §T(S)R2§(S):“

t=—Tm Ls=k+t+1 s=k+t

k=t

= ¢T(k)€1T(T12Q2 + TR + TaR2)e (k) — Z nT(k)Qan(k)

s=k—19+1
k—ty—1 k-1

-3 STRRsB - Y STERR S (K. (23)

s=k-19 s=k—-12

On the other hand, for any appropriately dimensioned matrices H; (s = 1,2, 3), the fol-
lowing inequalities hold:

k-1
0=2¢T(H | (1 - ex)p(k) = Y g(S)} (24)

L s=k—1 (k)

B k-11-1
0=207(0H: | (63 - g0 — 3 g(s)} 25)

L s=k—t(k)

r k-t (k)
0=20T(Hs| (e2 - ea)p(k) = Y g(s)}. (26)

- S=k7r2

From (10), for any matrix variables X,; > 0 and Y,; > 0 (1 = 1,2), one has

0 < ~(A(n(k)) = Uun(0) "Xu(fi (n(K)) - Uin(K)),

0 < —(fa(n(k)) — Um(K)) " X1 (f2 (n(k)) = Uaym(K)),

0 < —(gi(n(k - (K))) = Vi (k - (k)" Yuu(gi (n(k = 7(K))) = Vin (k - (k))),
0 < ~(@(n(k-1(k))) = Vin(k - t(k))) " Ya(g2 (n(k - T(k))) = Van (k - 7(k))),

which can be rewritten as

0 < —T(k)(es — Uyer)"Xu(es — Uier)p(k), (27)

0 < —pT(k)(es — Use1)" Xoi(es — Uner)p(k), (28)
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0 < —@T(k)(e7 — Viiea) T Yu(er — Viea)p(k), (29)

0 < —pT(k)(es — Viea)T Ya(eg — Varez)p(k). (30)
Combining (15)-(30), one has

E{AV (n(k), ri)}

= E{@T (k)T + Toi)e (k) }

k-1
Z [HT (k) + Roa(s)} TR HT 9 (k) + RoA(s)}

Z HJ (k) + Ri(s)} R HT (k) + RiA(s)}

< E{eT (k) Ty + Toi)e(k)}, (31)
where

Loy = 3[Ai,1€1 + Ali,leZ + Di,le9]T7)l[Ai,lel + -Ali,leZ + Di,l€9]
+ (1 -@)e] (MK CiyN)TPIMK;;CrjiN e
+ @ (1 - w)e] (MK CouN)TPIMK; 1 CojiN ey

+ ToH Ry HY + 1o Hy (Ry + Ry) ™ H + 1o H3 R HJ .
Let 1o = min{2}, then Ao > 0 due to 2. Finally from (13), we obtain, for any k > 0,

E[AV (), 7)) = E{V (K + 1), it = | n(R), 7 = i)} — E{V (90), 7 = 0)}
< (= 1)nT (k)P (k) + @7 (k)S;w(k)
V(n(k), rk) + T (k)S;w(k). (32)

Taking mathematical expectation on both sides of inequality (32) and noting that o > 1,
it can be shown from (2) and (32) that

E{A V(n(k +1), rk+1)} <a V(n(k), rk) + Amax(Sl)é'{wT(k)w(k)}

<...<ak5{ ((0) ro + Amax (S1) HZakSI (K)o )}

< " E{V(1(0),70) } + Amax (S d. (33)
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In view of conditions (15), letting P; = R’%PIR’%, Q, = R’%QSR’% (s=1,2,3) and R, =
R‘%RV,R‘% (n=1,2), we obtain

-1

-1
E{V(n(0),r0) } = nT()Pm(0) + Y nT()Qun(s) + Y nT(s)Qan(s)

s=—1] s=—1(k)

-7 -1

-1
£ 0T+ Y > nT()Qn(s)

$=—T) s=t—To+1 s=t

-1 -1 1

£ Y ATORAE) + Y > AT(IRA(s)

t—-19 8=t t=—79 s=t

=< ()‘-max(l_)l) + Tl)‘-max(al) + TM)\max(62) + TM)\max(as)
b+ T - D @)

+ = [m2(m1 + T2 = DAmax(R1) + T2(72 = DAmax (R2) ] 0. (34)

N = N

On the other hand, for all / € £, it can be seen from (15) that
E{V(n(k),ri)} = E{nT(K)Pm(K)} = Amin(P)n T (k)R (k). (35)
From (34) and (35), we get

(Ve + Yop + Amax (S)d)aN
)\min(ﬁl) .

nT (k)R (k) < (36)

Noting condition (14), it can be derived from (14) and (35) that nT(k)Rn(k) < ¢, for all
kel{l,2,...,N}. a

Remark 2 To estimate the derivative of the Lyapunov functional, more information is
needed on the slope of neuron activation functions f(n(k)) and g(n(k — t(k))) derivative
than [6-9], which yield less conservative results.

Remark 3 In this brief contribution, the UCL is introduced to save the communication
resource, which was assumed to be perfect in the existing literature. Hence, the applica-
bility of SJNN subject to UCL is reasonable and relatively wide.

Remark 4 Note that the failures of sensors are mode-dependent and depict that the signal
may vary between actuator and controller, which is extended to the filtering for T-S fuzzy
stochastic jumping neural networks subject to UCLs.

Theorem 3.2 For given scalars N >0, « >1,¢; >0, co >0, and d > 0, the system (4) is
SFTB if there exist symmetric matrices P; = diag{P11;, Pyo;} >0, Qs >0 (s =1,2,3), R, > 0
(n=1,2), S;> 0, and appropriately matrices Hy (s =1,2,3), X,y >0, Y,y >0 (n=1,2) such
that, for any | € L, the following LMIs hold:

Fij,l + F/'i,l <0 (l <j), (37)
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[ <0,

chl + Y + Agd < ca™N,

where

I'y * *
Uijir=|Taj; T3z *

N
, gt = Ty x | 20

rw 0 Ty 0 T
B T
0 LT NG T LY NETL
Fz,’j,l =1 W Tnloy NV Tidoy, BV TinIon ’
_«/771112;1 VTl e
" \/g-/_lij,l «/gfiuj,l 0 0
FZij,l = | ZD_(I — ZD—)MZ’/‘,[ 0 0 0 )
i 0 Nod-o)N;; 0 0
[0 0 0 0 3Dy
=0 000 o |
(0000 0
(V28] 0 0 0 0
O _ 0 VZx2 B, 0 0 0
258 0 0 V2kiCyy 0 ol
0 0 0 V2i6Cip 0

- 0 0 - 0 0
M = ) Niji = ,
~ZyCyy O ~Zi1Cyjy 0

Fg[ = diag{—Pl - 2P1, —Pg - 2P1, ey —Ph - 2P1, —P1 - 2P1, —P2 - ZPZ, ooy —Ph - 2P1,

h

h

-P, -2P;,-P, - 2Py,...,—Py — 2P, P, - 2P;,—-Py — 2Py,...,—P, — 2P,

h

h

—Py —2P;,-P, - 2Py,...,—Py —2P;,—P; — 2P},—Py — 2P,,...,—Py, — 2P}, },

h h
i PyAiy 0
l'j,l = ’
(1-@)Z;;Cyjy  PanAig— ZiiCyjy
- 0 0 _ PyyB; 0
Ay = ) B, = e )
(1-@)Z;iCyy  —ZiyCyjy Pyy By

()

5 Py, Cyy 0 o) Py, Dy
i = , il = ,
0 Py Cyy Py Dy

_ 1
Y=o + Tids + Tagha + Taghs + 5112(11 + Ty — 1) Ay,

1
Vo = 5['[12(7—'1 + 7= Dhe + Ta(ra — A7),

)‘-61 = I}labx { )‘-min (1_)111)1 )\min (ﬁZZZ) } )

)‘-3 = )‘-max (Cl);

)‘-4 = )‘-max (62);
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(38)

(39)
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As = Amax(as); Ag = )Lmax(I_el), A7 = )\max(I_QZ)» Ag = r}leaﬁx )Lmax(gl);

— 1

PR (m=1,2), Q=RIQR? (s=1,23),

[N

I_Dmml =R

1

—RIRRE (n=1,2).

=

Moreover, the finite-time state estimator can be constructed by
Kii = Py, Zi. (40)

Proof Letting P; = diag{P11;, P>3;}. Pre- and post-multiplying (13) by the block-diagonal
matrix P; = diag{l,1,1,1,1,1,1,1,1,P;*, P;*, P;*, Py, Pt Pty 11T} and using the Schur
complement lemma, one has

(& () hy (8 (k)T < 0, (41)

14

q
=1 j

q
-1
where

My % * =1 =0
T -|T = o =TV Doie oy
gl= T Tz * |, 20,0 = 1 gjy X 0 )

rw 0 Ty P
\/§¢Zij,l «/gdzuj,l 0 0
= | Vo l-o) My 0 0 0],
0 Vol-o)N; 0 0

M" ~ 0 0 ./\7 B 0 0
bt = —PyKiCyjy 0 ' G 22Ki G 0 ,

Ty, = diag{~-P.P;' P}, PP, Py, ..., ~P\PY Py, ~P,P;' P;,— PPy ' Py, ..., —PiPy P,

N N

—PP['P,—P\P;'P;,...,—PiPy P, —P PP, PPy Py, ..., — PPy Py,

N N

-P,P{'P, PPy Py, ..., ~P Py P, —P.P;' P, ~PiPy Py, ..., PPy Py},

N N

A= PAi 0
" A= @)PouKiCryy PoniAig — PaiKiyCujg |

- 0 0
Aig = )
(1= @)PyK;iCojy  —Pr2iKi i Cojy
It follows that
[P, — PP} [P, ~P]>0 (m=12,...,N),
which leads to

-PP,'P, <P, -2P, (m=12,...,N).
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It follows from (41) that

q q
Zzht (k) é(k)) l}l<0‘ (4'2)

i=1 j=1

Furthermore, condition (42) can be written as

q q
DD (600 () Ty + i +ZF”1<0
i=1 j>i

4 lllustrative example
Example 1 Consider the T-S fuzzy Markovian jump neural network (9) involving two
modes with the following parameters:

An = 069 094]’ Bll:[—od.sz gﬂ
Cin = _—0(')%.31 g:} D= [061 0(.)1}’
A = 066 0(.)8]’ Bu{—o(i gﬂ
2 ] A
e R v
Ca = —0(;.22 0?1] Do = [061 O(?l]’
A = 066 0?9}’ 322:[-()61.11 gﬂ

06 0 01 0
C = ) D = )
2" os 0.4} 2 [ 0 0.1}

Cin=Cin=Cu2=Ci2=[1 1], Con = Cy1 = Copp = Copp = [-0.1  0.2],

oy |01 ol v _[02 01
uU=viu= 0 —01 ) 20= V2l = 0 —0.2 )

1 0.1
U1=Vl=|:05 :|, [=1,2.

0 -015

Moreover, assume that the transition rate matrix is given by

|07 o3
104 06|
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The nonlinear activation functions f(1(k)) and g(n(k)) are chosen as

S () = g(n(k)) =[0.1n(1) + tan £(0.1(1)) + 0.1(2) - 0.1n(2) — tan (0.1 (2)) |

and the membership functions /;(n(k)) and 4, (n(k)) are defined as

0.5(1-n(k)), In(k) <1,

hy (n(k)) =
1, [n(k)| > 1.
Given the initial valuesforR=1,¢; =1,d =4, N =8,a =2, 1; =1 and 1, = 3. By using the
Matlab Toolbox, one has minimum ¢; = 1.0252. Therefore, the normal augmented fuzzy
Markovian jump neural network (9) is SFTB with respect to (1,2,1,8,1.0252).

Remark5 Inview of the parameters given above, the sector bounds of the activation func-
tions f(1(k)) and g(n(k — t(k))) are [{Lh;, Vii}, {Uas, Vau}]. If the lower and upper bounds of

the activation functions are introduced instead of the probability distribution information,
01 0.1
0 01
However, if the probability information of the small and large activation functions is em-

thatis, x; =k1 =0, x = ko =1 and letting U; = V) = | ], the minimum ¢, = 1.2896.

ployed, one has minimum ¢, = 1.0252.

5 Conclusions

This paper is concerned with the finite-time state estimation problem for T-S fuzzy
stochastic jumping neural networks under unreliable communication links. Stochastic
variables subject to the Bernoulli white sequences are employed to govern the nonlin-
earities occurring in different sector bounds. By employing the reasonable Lyapunov-
Krasovskii functional and using Newton-Leibniz enumerating, sufficient conditions for
the existence of the state estimator are given in terms of linear matrix inequalities. Finally
a numerical example has been offered to show the effectiveness of the proposed approach.
The main results in this paper may be further extended to famous dynamical models, such
as fuzzy semi-Markovian jump systems, which will be dealt with by the authors in future

work.
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