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ABSTRACT In this paper, the finite-time H, control problem for a class of hybrid singular Markovian
jump systems with time delay and actuator saturation is studied. Considering the discontinuities caused by
Markovian jump switching behavior, a hidden mode based controller is designed to ensure the mean-square
locally finite-time Hy, stability of the considered system. Secondly, the parameter solving method of the
designed controller is derived based on LMI method. Finally, a numerical example is given to verify the

correctness of the method.

INDEX TERMS Finite-time Hy, control, actuator saturation, time delay, stochastic singular systems.

I. INTRODUCTION

During the past decades, Markov jump mode has been widely
used in many practical fields, such as economic system,
chemical system and aerospace system. As a research hotspot
in the field of control theory, many innovative results have
been derived on Markov jump systems [1], [2], [3]. Markov
jump systems have brand applications such as T-S fuzzy
control problem [4], [5], filtering design problem [6], [7], net-
work control problem [8], [9]. Meanwhile, compared with the
above results, when the considered system is singular Markov
jump system, the range of application of the results obtained
will be wider [10], [14]. For instance, the resilient filter was
designed for a class of singular Markov jump systems to
deal with deception attacks in [15]. Furthermore, considering
dual deception attacks, a dissipative asynchronous controller
was designed for a class of T-S fuzzy singular Markov jump
systems in [16]. It is worth noting that, the inconsistency
between controller mode and real system mode may occur
due to the physical limitation or network transmission [17],
[18].In[19], a hidden Markov mode based filter was designed
to deal with this problem caused by network transmission
and the physical limitation. When the modes of the original
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system cannot be obtained directly, the hidden Markov mode
is used to detect the modal information, and the asynchronous
fuzzy integral sliding mode control problem based on dissi-
pation is studied in [20]. In [21], the Hy, tracking controller
was designed when the controller cannot accurately obtain
the mode information of the system. Up to now, the hidden
Markov model has been widely studied and many results have
been obtained.

Moreover, due to the wide application of stochastic sys-
tems in science and engineering, scholars are increasingly
interested in the research of stochastic systems and lots of
results have been obtained in [22], [23], [24], [25], and
[26]. To mention a few, by proposing a hybrid model that
combines the advantages of KDJ and grey Markov chain,
it provides a useful decision support tool for investors par-
ticipating in the digital currency market in [27]. In [28],
an extended stochastic gradient Markov chain Monte Carlo
algorithm was proposed to complete the controller design.
In [29], a hybrid-triggered controller was presented for class
of hybrid-triggered fuzzy Markov jump system subject to
input saturation.

On the other hand, in some practical engineering sys-
tems, such as aerospace system, robot control system and
other short-time working systems, finite time control has a
very important application, Therefore, the finite-time control
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problem has become a research hotspot in the field of control,
and many important results have been presented in [30], [31],
[32], [33], [34], and [35]. It is worth mentioning that, the dis-
continuities occurring at the moment of switching may lead
to system instability or other failures. However, according to
the literature review there are only a few results considered
about such discontinuities in [36], [37], and [38]. The Hy
finite-time control problem of the singular hybrid Markov
jump delay system has not been fully investigated till now.

Based on the above discussions, the finite-time Ho, control
issue has been investigated for a class of singular Markov
jump systems with time delay, input saturation and discon-
tinuity. In this paper, LMI method is used to design the
controller parameters, when the above nonlinear factors are
combined. The main work of this paper is to obtain strict
LMI by applying mathematical technique and reduce the
conservatism of the obtained results. There are two main
contributions in this work.

1) Compared with [3], various practical factors such as
the discontinuities and input saturation are considered in this
paper and the proposed method is more general;

2) Compared with [3], by design appropriate Lyapunov-
Krasovskii function, the delay-depended result is derived to
reduce conservatism in this paper.

Il. MODEL DESCRIPTIONS AND PRELIMINARIES
Consider the following singular hybrid Markov jump
systems (X):

dE(r(t))x(t) = (A(r)x (1) + A1(r()x(t — h)
!
+ A (r(t)) x(s)ds + B(r(t))sat(u(t))

-1

+ D(r())D(t))dt +(W (r (£)x(t)
+ Wi(r(0)x(t — h)

t
+ Wh(r (1)) x(s)ds

t—t

+ B1(r(t))sat (u(1)))dw(t) ey
Z(t) = Zr)x(1) + Zi1 (r(0)x(t — h)

t
+ 20 (0) / x(s)ds + Ba(r(0)sat(u(t))
-1

@)

x(t) = n), te€[—max(t, h), 0], r, =rg, (3)

where x (t) € R” is the state of system, Z (¢) € RY represents
the controlled output of system, the input u (t) € R™. D(¢)
represents the disturbances, the Brownian motion w(t) € R™,
n(t) is the function initial state. The positive constants T >
0 and & > 0 which represent time-delays. {r (#)} denotes a
Markovian process and the values are taken in a finite set § =
{1,2, ..., N} with the following transition probabilities:

AijAt 4 o0 (At)
i J,

1+ XiiAt 4+ o0 (At)
i=],

Prir¢+ A1) =jlr(t) =i} =
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For j # i, the transition rate A;; > 0, and
Aii = — Z Aj- @)
JES j#i
This paper considers the partly known transition rates as the
follows:

Al ? A3 - A
% Y B ?
Pr =
: : ? . :
At 7 Az ... ?

where ““7” represents the unknown transition rates. For Vi €
S, the set S* denotes:

s =siUsi

where S,i and S;k represent the set of unknown parts and
known parts of transition rates respectively.
The inputs u(t) are bounded as follows:

—ugG) < Ui < uoy, oy >0, i=1,---, m. (5

For Vi € S, this paper denotes A; = A(r(t)), Ay, = A1(r(2))
for the system (X). This paper assumes that the controller
can not exactly received the value of system mode r(¢) in
the hidden Markov model. The hidden markov mode based
controller is designed as the follows:

t
() = Kt 026 + k2ot / *(s)ds, ©)
1—T

where ki) € R™" and kys(r) € R™*". The probability is
estimated as the follows:

M
Pe®)=plri)=i)=mp, Y mp=1. (]
p=1
If o(t) = p, r(¢t) = i, taking Eq.(6) to Eq.(1) and defining
Y (u(t)) = sat(u(t)) — u(t), one can derive

dEix(t) = ((A; + BiK1p)x(t) + Apix(t — h)
t

+ (A2i+BiKap) | x(s)ds+Biy (u(1))+D;D(1))dt

-1

+ (Wi+B1iK1p)x(0)+Wix(t — h)
t
+(W2i+BliK2p)f x(s)ds+B1;y (u(t)))dw(1)
-7
3

For the SIMS (%), some definitions and lemmas are given as
the follow:

Assumption 1 [11]: The external disturbance D(¢) is vary-
ing and satisfies the following constraint condition:

T
/ D)'D(t)dt < d, d > 0. 9)
0
Definition 1 [13]: Regular and impulse-free.
(i) System (1)-(3) with D(t) = 0 is said to be regular,
if det(sE; — A;) # Oforallf € [0, T].
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(i1) System (1)-(3) with D(t) = 0 is said to be impulse-free,
if deg(det(sE; — A;)) = rank(E;) for all ¢ € [0, T1].

Lemma 1 [36]: ForVi € N, if and only if there exist
invertible matrices A;Ii and 1\75 such that

-~ [A 0 M- 10
MiAiNiZI:Ol O]’ ME;N; = |:O 0], (10)

the pair (E;, A;) is said to be regular and impulse-free.
On the otherhand, there exist matrices M; and N; such that

- I 0
E = MiEiN; = [O O]’

A; = MiAN; = [ ' (11)
then the pair (E;j, A;) is impulse-free and regular if and only
if A4; is nonsingular and the above decomposition is satisfied.
Make x(t) = Ni_lx(t), the system (8) can be rewritten as the
follows:

dEX(1) = f(t)dt + g(t)aw(r),
() = (A; + BiK1)x(t) + Ayix(t — h)

t
x(s)ds

-7
+ By (u(t)) + D;iD(1),
g(t) = (W; + ByiKip)x(t) + Wyix(t — h)

t
+ (Wa + Buf(z;a)/ X(s)ds + Biiy (u(t)),
-7

+ (A3 + BiK»p)

(12)
where
Al = MiAuN;, A = MiAyN;, B; = MiB;,
and
Bij = MiB1;, W; = MiWN;, Wy; = MiW;N;,
Wai = MiWxN;,  Kip = KipNi, Kop = KopN;,
and

o TAL A
A,’:Al’-i-Bl'Kp: |:Al3p AZ):|
ip ip
This paper assumes that the system state before and after the
switching moment may not be consistent which is caused
by the switching behavior and the mode-dependent singular
matrix E;. Denote x(j;)~ and )"c(tjq)+ as the state immediately
before and after the switching moment ¢, respectively. If the
considered system is impulse-free and regular, then we have

it = r?jfc(rjq)i with

4 = _ ! - 0 NN, (13)
! _(A?q)_lqu 0]’

Before giving the main results of this paper, some definitions
and lemmas should be given as the follows.
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Lemma 2 [29]: For the controller gain K 1p> the given
appropriate matrix L; € R™*" if X(¢) is in the set D(u,) which
is defined as follows:

D(u,) = {%(t) € R"; —uop) < (Kip) + Lige)X(t)
< uoky, Uox) >0, k=1,...,m},
then there exist any diagonal matrix 7; > 0, such that:

)T T (u(r)) — Lix(1)) < 0.

Lemma 3 [29]: For the following symmetric matrix F' €

R(n+m)><(n+m)
Fnn Fn
F = T s
F12 F22

where F| € R™", Fjp € R, Fyy € R™™ the following
conditions are equivalent:

HF <O.
2)F1 <0, F22—F1TzFl_llF12<0.
3)F» <0, Fi —F12F2721F1T2 < 0.

Definition 2 [33]: For the given scalars ¢y > 0, ¢ > 0,
with ¢ < c¢3, the constant time 7 > 0, and mode-dependent
matrix IA?,' > (), if there exist state feedback controller in form
(6) such that

EGFT(t)ETREX(11)} < e
= E{FT()ETREX(R)) < ca,
tel[-10], Hel0T], (14)

then the systems (12) with d(¢) # Ois said to be stochastically
finite-time bounded stable with respect to (¢, ¢z, T, IAQ,', d).

Definition 3 [18]: Make V(x(¢), r;, oy)be an IT 0 process
with the stochastic differential given by

dv(x(t), rs, o) = (Vi (x(t), rs, o07)
+ Vx(x(2), re, o1)f (1)
+ %tmce g Ve (x(0), 11, 01)g(t))dt
+ Vi(x(t), re, op)g(t)dwt. (15)

Ill. MAIN RESULTS

In this section, some sufficient conditions will be firstly
proposed to ensure the finite-time Ho, stability of the
systems (12).

Theorem 1: For some given scalars, T > 0, h > O,
0 < v < 05 v > 0 and given matrices
Ly, Ly, Up, Up, if there exists some positive scalars
o, Ao, Al, A2, A3, A4, 5\0, )_»1, )_»2, 5»3 and mode-
dependent matrix Qip, symmetric positive-define matrices
01, 02, 03, Q4 and diagonal positive definite matrices
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le-p, G;, such that

o Al \/zl'lle n:, nl
x*x —03 0 0 0
* * — éip 0 0
x % * — %Q4 0_
* * * * — Q4
B * * * % ES
[Fuu F12] <0,
[Fa1 F22] =0,
[F31 F3]<0,
[Fa1 Fa] <O,
Qip > V(ETQ, + QT E) + 01
eT(23 Vi) + adrs(l —eT))
— )‘p —_
= ar [lar
(o} hl—Ih. \/;Hzi
x —Q03 0
Fii=| % —8p |-
* k k
* % *
L k k %k i
CLon e
0 0 0
0 0 0
Fr2= _%Q4 0 0 ,
* -0s O
L * * — 0;
i Q;,ET
Fa1 = 0
Kip + Ui Qip
i * *
Fxn= S_Z;ET *
| Kop + Un Qi uo(k)?
[ —AoR; 0 0
0 — MR; 0
0 0 — MR;
Far=1 0 0
0 0 0
L k * % i
[0 0 AT 7]
0 0 ATl
| o o Al
P2= k0 B
0 — MR; DlT
L * * - 03 |
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)

< 0,

(16)

7)
(18)
(19)
(20)
21

(22)

—)_»()Ri 0 0
0 —MR 0
Far= 0 0 — MR
0 0 0
L k k k
0 W
0o W
Fa= 0o Wi
—M3R; BT,
* — 04 |

Wi = V_ViQip +Blil_(1p,
Wzi = V_VZiQip + Bul_fzp
Ji = Sym(A;Qp + BiK1p + L1iQip)
+ (i — )QLE + 01 + 7702,
D = (WQT TTE nmpQ YET,
\/WQTT ET),

g = v(ET qu + quE) + ol

\[‘I] 1

8 = diag(Ej1, Ep., -+ Eju)
D = (Pitp, Pizp, -+ Pinp)
Qip = riQLE",  ©; =diag(B1, Bz, ---, EN)
with
[ KB +Qp AT ]
ST 3T
leAll
T pT T 3T
g7 | KuB + QT AT |
0
B! G;
B!
KT BT 4 QT WT
T T
lewll
_ 7 KTBT 4 QT Wzl
Iy = ,
0
AT
B;Gi
O -
L1;047]
Li04
=T 0
I3 = ,
0
0
L 0
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rJ; Auﬁ_?,'p + Llifzip - Q;L; |
* - Ql - Sym(LliQip)
ol — * * ,
% *
* *
| * _
_AziQip + B; _2p — L1;03
0 — 103
o | o o |
* — 03
% *
* * i
" BiGi+ Qlul QIDiT
0 0
= ; .
Q3Ui€ 0 7
—2G,; 0
L * —aS |
_ ~ 1
I=[0 1I], 1=[0]

|

~ o
oo
| I

<

Il

| —
oo
~ o
| I

Qip = Qip —IQpI A, 01 = Q01
QZ = Q;QZQZ‘[?
. . _ Qo0
0s=07". 0u=0;" Qp= [ I }
Qip Qip
Vi(0) = 2pCy,  V2(0) = Ag,ho1Cy,

‘_/3(0) = )\QZ‘L'ZUzC],
‘_/4(0) = hz()»ocl + A101C1 + A0 Cq
+1303C1 + A404Cy),

V5(0) = h(AoC1 + A101C1 + A202C1 + A303C)).
and Ap = AmaxieSUmax(}-)i), )Lp A= miniegamm(p)
o = Onar(0)s ks = onar(S), O = Ry PO,
P = R_l/zP R_l/z, the systems(12) w1th initial con-
ditions belongmg to e(ETQ,-p, 1) is said to be locally
stochastically finite-time bounded stabilizable with respect
to (Cy, Cz, T, R;, o, d) with controller gain Kj, =
Kip Q' N Kop = KapQ) ' N

Proof For V r(t) = i € S of system (12), define the
following Lyapuonv-Krasovkii functional:

VE@), r(t), o(1) = (O ET Pryo EX(1)

t
+ / T (s)Q1%(s)ds,
t—h

0 t
+7 / / 1 ()02%(s)dsd6
—t Jt+6
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0 t
+h / FT(9)03f (s)dsd®
—h Jt+6

0 t
+ / / 8" (5)Q4g(s)dsdf
—h Jt+6
set 7(1) = i, o(r) = p, and denote Qj, = Pj,E + SW, with

ETS = 0. Using the well-known Taylor expansion formula,
we get one part of V(x(¢), t) — V(x(0), 0) as the follows:

k—1
> ViE®w),
i=0

—1
= 2Z(xT(zl-)Q§,E)Axl-

1) AX;

k—1

= 2 (T )Q))AEX;

i=0
t t
— 2/ )'cT(s)Q,?l;f(s)ds—i—Z/ )?T(S)Q;g(s)dws
0 0

and we can also rewrite another part of V (x(¢), t)— V(x(0), 0)
as the follows

k 1

—vaxmm t)(A%)?
i=0
1 %= _ 1kfl _ _ _

=5 Z(ETPi,,E)mxi)z =5 D_(ETPpEXAET:)?
i=0 i=0
k k 1

= ZET ) (A%) = Z(ET )8 (AW)?
i=0 i=0

N % A (ETQip)g(s)ds
Then we achieve
AV (x, i, p, t) =LV (x, i, p, t)dt +2xT (I)Q g(t)dw(t)
Then we have

LV, i, p, 1)
= 2T ()QLf (1)
+ lgTo)ETQi,,g(r) + hax (DET Qi (1)
+2N1 jiZa hiigx (O ET Qi ET % (1)
+ 71 ()01 %(t) + 3T (t — O1x(t — h)
+ 75 (D0x() — /0 T (9)0:5(5)ds

t
+ 1210 (1) — h / th(s)Qaf(s)ds
-

t
+hg™ (1)Qag(t) — f hgT(s)Q4g(s)ds. (23)
t7

then we have
t
-7 f 1 ()02%(s)ds
0

133031
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t t
< / F()ds)T 0a( / R(s)ds), 24)
-7 1—T
t
—h / 00 5)s
5
t t
< —( / Fs)ds)T O / F(s)ds). 25)
t—h t—h

From system (12), one can obtained:

2xT QL1 + X (¢ — R Lai]

t
x[)_cT(t)—)ET(t—h)—/ f(s)ds
t—h

t
—/ g()dw(s)] =0, (26)
t

—h
where Ly;, Ly; are matrices with appropriate dimensions and
for each i € S, we have

=2 QL + X (¢ — QL) / ih 8(s)dw(s)
< G OQp L+ X"t — W) Lo 0 & ()R] L
+( [ ih g()dw(s))" Qu( /t ih g(s)dw(s))
+x7 (= Q] L. 27)
By employing Ito formula, we derive

t t
l( f (s 04 / (o)
t—hn r—

t
= ¢ / hgT<s>Q4g<s>ds]. (28)
t_

Note that u(t) = kip¥(t) + kyp [ %(s)ds, make L; =
[U;1 U], from Lemma 2 we have

t
29T WY ) — UnR(t) — U, / *(s)ds] < 0. (29)
-7

Denoting

I 0 1
we have ETFZ. = ETTU. From SZ?I;E = ETQi,,, one have
S_ZZ’;E =F TS_2,~,,, thus the matrix Q;E is symmetric, then we
can rewrite condition (18) as the follows
Qjg > v(ETQjq + QLE) + vl
T & 5T _y—1 _ 7T _ 7T
WE" Qg+ QLE)+ 0D > ETQ N = ETQ
(30)
From (22)-(29),one has E[LV (x;, i, p, t)—aV (X, i, p, t)]—
DT ()SD(t) < ()D€ (1), where
t
£ =05 [ 5o
-7

t
x | fT(s)yds w7 () DT (1)]

t—h
®; = © + KT1,0311y; + T15,(hQ4

133032

where

d>2

CD3

T
I3;

+ET Q)M + 5,0, ' T3,
o=[a! o2 @3],

[Ji QpAL+ QL — Ly ]
* =01 - Sym(Ql?[;Lli)
_ * *k
* * '
* %
[ Q;Azi + Q;B,'kgp - QZ,;L“ ]
T
0 — QipLQj
— - 0 ’
* - 03
* k
B Q;B, + UgTi D,‘ 7
0 0
0 0
= T )
U,T; 0
—2T; 0
B * — oS |
= Sym(Q;Ai =+ Q;Bif(lp + QZI;L”)

+ (hii — ETQi, 4+ 01 4+ 1202

N M
+ YD amE )T ET Qi EX (),
J=L j#i g=1
T pT AT 7
KBl +A]
AT
Ali

FTRT | AT
_ | K5pBi Ay
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Then pre- and post multiplying matrix inequality (16) with ()
and ﬂT, where

ﬂ:[Qg, Qb Ql 03T 111041
Then we have
LV@E(), i, p) < aD(0)TSD(1) + aV(X(1), i, p).
Multiplying the above inequality by e~ we get
Lle™ ™V E(@), i, p)] < ae” D) SD().

By integrating the above inequality between 0 and #, it follows
that

e_atv()z(t)v i7 p) - V(-)_C(O)7 o, UO)

t
<a / e~ D(s)T SD(s)ds.
0

Then, we have the follows
E{x)TET PiEX (1))
< V@), i, p)
t
< eV (x(0), ro, Jo)—i—adage‘”/ e~ *ds
0
< e[ados(1 — ) + V(x(0), ro, 00)]
E{x)TETREX (1))
_ ¢'lados(1 — ) + V(X(0), ro, 00)]
< *

Since that E{xT(Q)ETR,EX(0)} < «¢; and denote
[ 3T Rx(s)ds < orer, [[ X (DRE(s)ds < oacr,
satT w()R;satu(t) < o3c1, DL(ORD(E) < oacy with
t = 0. Consider conditions (20)-(21), and based on Schur
lemma, one can derived E{xT (\)ETREx(t)} < ¢, from
condition (19).

Pre- and post- multiplying matrix inequality (17) with
[Qg7 ng I] and [Qg7 525) 117, one can derive

ETQ; * *
0 ETQ; * |>0, k=1,---, m,
Kip+Us  Koyp+Un  uplk)?

which implies that e(ET P;E, 1) € D(u(0)). Denote

Q! @2
Q= o3 ot |
From condition (16), we have
WQLET + QLA + A3 Qyp < 0. (31)

Consider that E” Q;, = Q[ E, which implies > = 0, from
(30) one can derive

ll L2
3 AT 14 474 | <0
8@+ el

VOLUME 10, 2022

we derive (24)7 (4;,") + (A3, )7}, < 0, and then further
get A_ip4 < 0. which ensures that the considered system (12)
is impulse-free and regular.

Theorem 2: For the cor_lsidered system (12) with initial
conditions belonging to (£ TQi,,, 1) and the same parameter

description as theorem 1, if there exists a constant y > 0,
such that conditions (17)-(18) and (20)-(21) hold and

(16) T
< 0, (32)
* -1
T (23 Vi(0) + y2drs(l —e=oT
(2, Vi(0) + ydas( ) <G (33)
Ap
with
O = [Cf)l o2 o3 ].
r’ = [Zig-zip + Bzil_(lp ZliQip
25iQ4p + B2iK>p Br; 0]
and
_j,' AliQi_p +L1i§2ip — _S_ZZI;IQTI
*  —01 — Sym(Ly;S2p)
&)] _ k %k
T ox * ’
* *
| x *
[ A2 + BiKop —LuQ3
0 —L2i03
- - 0
2 — o) ) ’
* —03
* *
i * *
[ B;G; + Q;Uif Q;Di
0 0
= 0 0
P’ = . ,
oUh 0
—2G; 0
i * —y?I
where Zi = ZiN;, Z]l' = Z1;N;, ZQ,’ = 7/»iN;, the

systems(12) is said to be locally stochastically Hy, finite-
time bounded stabilizable via state feedback with respect to
(Cy, Co, T, Ry, v, d).

Proof. Select the similar Lyapuonv-Krasovkii functional of
theorem 1, one can easily derive based on theorem 2:

LV@G(@), i, p) < D@ D(t) — z2(t)T 2(2)
+ aV(x((@), i, p).
Since that —z(#)T z(¢) < 0, we derive
LV @), i, p) < D)D) + aV(E((1), i, p).

Then conditions (32) can be obtained by following the similar
proof of Theorem 1. On the other hand, we derive the follows
under the assumed zero initial condition

T
e~V (), i, p) < / 2D D) — z(1)T 2(1))dt.
0

133033
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Further, the follows can be obtained
T T
/ A z(tydr < / v2D®) D(t)dt
0 0

T
<y? / D(t) D(1)dt
0

Then follow the similar proof of theorem 1.

Theorem 3: For the system (12) with initial conditions
belonging to e(ET Q ip» 1) and the same parameter description
as theorem 2, if there exists mode-dependent positive matrix
H; > 0, such that conditions (17)-(18) and (20)-(21) hold and

Q1 +QE"—H =0, i=jeSu. (34)
(31)+[Q‘ g]<0, i#j €Sk, i=j€Su,

(35)

[‘fi f”é};] <0, i#j€Su, (36)

Bl) <0, i#jeS, i=jeS, 37

the systems(12) is said to be locally stochastically H finite-
time bounded stabilizable via state feedback with respect to
(Ci, Co, T, Ry, y, d).
Proof: Select the similar Lyapuonv-Krasovkii functional

of theorem 1, note that Ejli 1A = 0.

LV(, i, p, 1) = H + Ak (DET Q3 (1)

+xT(Q1%(@) + T AgET (1)(—H)E ()

+3X) uT 1xl,n,qu(t)(rq)TETszl,,Equ(t)

where H; > 0 and

H =2x"0Qlf () + %gTa)ETszipg(z)
+xT(t — h)O1x(r — h) + 22T (1) Q2% (1)
t
-7 / 1 ()02%(s)ds
0

t
+ 12T (1)0af (1) — h / th(s)Qaf(s)ds
-

t
+hg" (1)Qug(t) — f g7 (5)Qag(5)ds.

t—h
Then we have
LV(x, i, p, t)
=H+x" ()0a(E"Q i,, — H)x(1)
+x (t)le(t)+[ i (O(—H)E()
+ 2V Tl gk (THTET Qi ETHR(1)]jes,
+IZX hix T (O(—HDX ()
+ 20 sz 1AUanxT(t)(Fq)TETQ pET IR0 )jes
(38)

If A;; is unknown, denote —A;; < 1, now we rewrite the first

part of (37) as the follows:
H + 5" (0)O0a(E" Qi — Hi + QD)X(1)

133034

(O = i) Q1% (t)
< H+x"0O0a(ET Qi — Hi + 0Dx(1)
+x7(1)20:x(1) (39)

Then one can easily derive based on theorem 3:

— 20" 2(1)
+aVx((1), i, p).

LVE(@), i, p) < y*Dt)" D(1)

Then follow the proof of theorems 1 and 2. Proof is
completed.

IV. SIMULATION EXAMPLE
In this section, a numerical example is provided to demon-
strate the effectiveness of the proposed method.

Example 1: Consider the system (1)-(3) with the following

modes:

Subsystem 1
W[t 3] w1 ]
2] et 1)
s=s o] m=3s o)
w=[02 82 m=[ ]
WZl:_gé 0(.)8]

Subsystem 2
. |
el e 1]
r=y o] w=loi S
Wiy = [-0.3 0:2]’ Biy — |:—0011:|

"2=106 0.8:|'

Subsystem 3

A =
1 1o

B3 = 1] A23=[1 O}’
10 06 —0.2

B=1lo o}’ W3=[0.4 —0.3]’

03 02 ~0.1
Wiz =1 _o1 0.1] B”—[ 0.1 }
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Subsystem 4
[0 —2 6 1
1‘\4=_3 _1], 1‘\14=|:_1 3]
(1 1 0
B4=_1:|, A24=|:1 1]

(10 0.6 05
Ei=1o 0}’ W4_[0.33 —0.3}’

0.2 02 —0.1
W= _o1 02] 314—[01}’
0.1 0
Mo =05 0.8]'
Choose

M'_|:1 0]
l 0 11‘:1,2,3,4’

Ni = | | CNi= 1 0 .
0 1 L =1, 54

Then one can obtained

- 1 0
EZM,‘E,‘N[Z[O O]
i=1,2,3,4

In this example, we give the following initial parameters: 7 =
05, 7=02,¢1=05,¢,=08, y=08, T=10, R; =
L, D(t) <d =1,v=0.2, v =0.25, the input is bounded as
|u;] < 0.5. The initial state function is defined as the follows,

_102t40.8
n) = |:0.2t N 0'7i| , te€[—max(h, 1), 0].

The follows are the transition rate matrix of system and
controller mode:

05 2 01 2
o2 2 2 03
il 2 2 —06 03 |

02 2?2 02

(02 03 02 03
o _ |03 03 02 o2
P= 101 02 04 03

(03 02 03 02

Based on theorem 3, the controller parameters can be derived

Ky =[-7.3921 —1.0976],
K» = [—8.4726 0.8531],
Kx3 =[—13.1476  —1.0561],
Koy = [—11.1721 0.9768],
K» =[-7.3921 —1.0976],
K» = [—-84726 0.8531],
Kx3 =[—13.1476  —1.0561],
Koy = [—11.1721  0.9768].

Remark: Figs. 1 — 2 are system and controller mode,
Fig. 3 are state response of Example 1. From the provided
figures, the designed controllers ensure that the considered

VOLUME 10, 2022

FIGURE 1. Controller mode.

FIGURE 2. System mode.

FIGURE 3. The state response of the closed-loop system (12).

system (12) is mean-square locally finite-time bounded sta-
ble, and the H, performance y = 0.8 is less than the results
of literature [3].

V. CONCLUSION

This paper designs the hidden Markov model based memory
feedback controller to ensure the finite-time Hy, stability of
the considered singular stochastic Markovian jump systems.
Some sufficient conditions to the solution for this problem
are given in terms of linear matrix inequalities which con-
sidering the discontinues caused by singular system matrix
and Markovian jump behavior. Considering that using LMI
method to deal with saturation and partially known transition
rates will increase conservatism, more advanced theoretical
methods will be used to reduce conservatism in the future
work.
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