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1 | INTRODUCTION

In practical application, Markovian jump systems (MJSs) are widely concerned by scholars in many fields [1-4],
such as electric power system, communication system, aircraft control, etc. Compared with traditional linear time-
invariant systems, MJSs is better to modeling more complex systems that is inevitably affected by sudden changes
in components, system internal structure and environmental disturbances [5-8]. Generally speaking, such systems
contain multiple subsystems. Different subsystems describe the subsequent behavior of dynamic, while Markov chains
describe the randomness of jump transfer among different subsystems. Especially control law design and stability
analysis are important research contents of MJSs.

Time delay is a unavoidable factor which affects the stability of systems. It exists in various parts of the system,
including system states time-delay [9], control signals time-delays [10,11], state derivative time-delays [12-14] and
distributed time-delays [15,16]. In MJSs, time-delay divided into two forms: time-delay independence and time-delay
dependence. The former has no relation with the switch signal, while the latter depends on the mode i. There are
many scholars has been studied time-delay dependence[17,18]. In [10], researchers explored about delay-dependence
stabilization of linear systems with time-varying state and input delays. In [12]|, this paper found novel robust
stability criterion with mixed delays and non-linear perturbations. Then, delay-dependent robust stability with mixed
delays was processed in [13]. In [14], a sliding mode approach to non-fragile observer-based control greatly improved
the control of the system. Those references deal with nonlinear functions by using Lipschitz condition. It is worth
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noting that the one-sided Lipscchitz (OSL) non-linear functions has fewer restrictions than Lipscchitz non-linearity
which some parameters is positive. The first proposed the OSL non-linear in Hu [19]. The paper of [20,21] have less
conservative than Hu [19]. Next, the observer devised for OSL non-linear systems. To our best knowledge, few studies
focus on the stability of MJSs with time-delay dependence and OSL non-linear via sliding mode control. Hence this
triggers us to study this paper.

In [26,27], the authors discussed the stability of MJSs. But, due to the influence of cost, measurement method and
other factors, the state of the system can not be obtained directly in the real word, so it is necessary to construct
an appropriate observer to estimate the state of the system. So it is necessary to construct an appropriate observer
to estimate the state of the system. Therefore, the problem of observer design become great interest to scholars
[4,28,29]. The robust observer-based finite-time for discrete-time implicit MJSs was studied in [4], the problem of
robust observer based fault-tolerant control for MJSs were obtained in [28]. In [29], a observer-based sliding mode
control for non-linear MJSs was discussed.

Sliding mode control (SMC), a kind of the variable structure control theory was proposed in 1960s, is an effective
robust control strategies for systems with uncertainties or unknown models. Different from other control strategies, it
has the feature of insensitivity, fast response and interference elimination. More recently, due to those features, SMC
is proposed in the MJSs [30-32]. In general, the SMC method consists of two steps: (1) sliding phase synthesis. (2)
arrival phase synthesis. Such as the SMC method being proposed for neutral-type stochastic systems and singular
systems in [4,33]. In [34], T-S model-based sliding mode observer design for finite-time synthesis of MJSs was studied.

Owing to the influence of external disturbances, it is necessary to consider H,, and passivity performance. These
performances are studied in many systems, such as hybrid [35], network control [36], T-S fuzzy [37] and random
switching [38]. However, there are few discussions about mixed Ho, and passivity for uncertain MJSs in the existing
lierature.

This paper discusses mixed Ho, /passive SMC problem of uncertain stochastic MJS with OSL non-linear and
mode-dependent time-varying delay. The major contributions of this article are as follows.

1. Compared with the references [39,40], this paper which srudies the MJSs with mode-dependent time-varying
and OSL non-linear function is more extensive. 2. A new Lyapunov-krasovskill is proposed, whose the parameters
are mode-dependent in the integral term, which can reduce the conservativeness. 3. Our systems obeys one-sided
Lipschitz non-linearity which is less conservative than the traditional Lipschitz.

Notation: (-, -) represent inner product in R",R"™ is the n-dimension Euclidean space, (¢1, o) = (bqubg, Vo1, P2 €
R" where ¢17 is the transpose of vector ¢1, ||-|| denotes Ly (0,00) norm,  represent symmetric term. (X, g, p) is
denote probability space, if there is no special explanation, matrix has suitable dimension and satisfies corresponding
algebraic operation.

2 | PRELIMINARIES AND PROBLEM FORMULATION

Consider the following class of non-linear MJS
@ (t) = (A(re) + AA(r)) w (8) + (Aa (re) + AAa (re)) @ (8 =T (8, 74)) + B (re) (u (t) + f (2(t), £,70))
+Fa (rt) fa (t) +H(rt)w(t>7
() =C(ro)z(t), (1)
(t) = Co (i) () + D (1) w (1),
z(0) =¢(0),0 € [-T2,0]

where z (t) € R, u(t) € ™, w(t) € RY, y(t) € RP, z(¢t) € N9, f,(t) € R are stand for the system state,
control input, disturbance input, measurement output, control output and actuator faults, respectively. w (t) €
£,[0,00), and f (x (t),t,7¢) € R™ is continuity nonlinear function, ¢ (8), 6 € [-TI'2,0] is initial function. Matrices
A(ry), Aq(ry), B(ry), Fo(ry), H(ry), Ci(ry), C(ry) and Dy (1) are given constant matrix, where matrix B (1)
is column full rank. Rank ([Bl Fm]) = Rank (B;) and F,; = B;F;, F; is constant matrix of suitable dimension.The
uncertainties AA (r;) and AAg (1) are unknown time-varying matrix with norm bounded, M (r¢), N (r;) and Ny (r¢)
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are known matrices, and E (r4, ) is satisfies

E(Tt,t)E(’l"t,t) <I,VZ€S (2)

[AA (re) AAy (rt)] =M (ry) 2 (r, t) [N (r¢) Ng (rt)] (3)

Let{ry,t > 0} is a Markov random jumping process which takes value in a finite set S = {1, 2, ..., s} and relationships

are shown as follows:
Tii A+ o (D) i#]

Pe{T (t+A)=jT(t) =i} = {1+7mA+o(A),ij

(4)

s
where A > 0, lim o2) — ( and for i #4, Vi, j€s, m; 20, mu=— > my
A—0 J=1i#]

Consider the transition probability [] = [[ + A[] = (f[”) + (Am;j), while [Am;;| < 045, 6;5 = 05 # 4, 05 is

known constant f[ (7r;;) is known constant matrix. Introducing a new parameter \;;, \j; = 7;; — 035, V j # 1,

S S
obvious 5“' = — Z 5”‘ and /\“ = — Z /\ij-
j=1j# j=1,5#i
Let A(ry) = A, Ad (re) = Agi, B(ry) = By, Fo(re) = Fui, H(re) = Hyy AA(r) = AA;, AAy(ry) =
AAgi, C(ry) =Cy, Cp (1) = Coiy D (11) = Doy

The (1) rewritten as follows
@ (t) = (A + AA) & (1) + (Ags + AAg) 2 (t =Ty (1) + Bi (u (t) + fi (x(t), 1))
+Faifa( )+ Hiw(t)a

y(t) = Ciz (1), (5)
z(t) = ml"( )+ Deiw (1),
z(0) = ¢ (0),0 € [-T2,0]
Assumption 1. ([41]) Ty (t) < Ty (t) < T (t), T () < i, where p; (i = 1,2) are the constants and T'y = max I'y; (t)

forViesS.

Definition 1. ([42])(Lipschitz condition) The non-linear function ¢ (x) satisfies the Lipschitz condition with Lipschitz
constant og; as

lp OO = e (I < o0i lIx = Xl - (6)
Definition 2. ([16])(OSL condition) The non-linear function F; (x (t),t) is OSL, if exists constant o1; € R, so that
(Fy (x (1)) = Fi (R (8) ,£) , x () = X (8) < onillx (1) = X @) (7)

forie S, x(t), x(t) € R™.

Definition 3. ([16])(quadratically inner bounded) The non-linear function F;(x (¢),t) is quadratically inner
bounded, if exists constant o9;, o3; € R, so that
N . . 2
o3 (x (£) =X (), F5 (x () ,1) = Fi (X (1) ;1))
forie S, x(t), x(t) € R™
Remark 1. The constants o1;, 09; and o3; in one-sided Lipschitz can be negative, positive or zero, but the constants
of traditional Lipschitz must be positive. This is an advantage over the traditional Lipschitz function.

Remark 2. Generally speaking, the OSL represent a extensive family on practical non-linear possess and we can see
that the OSL condition contion contains the transitional Lipschitz in Fig.1, which has great advantages over Lipschitz
in conservativeness. Many non-linear forms satisfy the OSL continuity, but they do not satisfy the Lipschitz continuity.

Assumption 2. f, (t) € R™= is a constant vector, fq, (¢) is the r-th element of f, (¢), and f,, (t) represents the r-th
actuator failure of f, (t). And satisfy the following inequality
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where f, (t) = %,ﬁ%a (t), fara (t) = max{fa (t)}.

Lemma 1. ([43]) Matrices D, E with appropriate dimensions and for any ¢ > 0, 0 < P € R I'T ()T (¢) < I,
the following non-equality holds

Q+Dr(t)E+E'TT () D" < Q+e'D'D+<E"E (9)

+2D"E < D"PD + ETP'E. (10)

Lemma 2. ([44]) For any symmetric 9t > 0, scalars @ < 8, vector function z : [0, 8] — R™ the following non-equality
holds -
B B B
3-0) [« @M@ do> | [2(@)de| M| [2(0)de (1)
d El d
Definition 4. ([39]) Arbitrarily T, > 0 and any non-zero w (t) € £,[0,00), 71 (satisfies,y1 > 0) is a performance
level of mixed H .,/ passive. When the initial value is zero, the following inequalities hold

€ /[faZT(t)Z(t)JrQ(lfa)fylZT(t)w(t)] dt 3 > —~ie /[wT(t)w(t)] dt (12)
0 0

Remark 3. Definition 4 contains H, and passivity performance index [39], such as
(1) When index o = 1, it is called Ho, performance index;

(2) When index « = 0, it is called passive performance index;

(3) When index « € (0,1), it is called mixed passive performance index.

3 | MAIN RESULTS

We design a non-fragility obverse to evaluate the states which can not measured, the observer is designed as follow:
& (1) =Aid (t) + Ags (t =T (8)) + Bi (w (t) + fi (2(8),)) + Fagfa (t) + (Li + AL; (1) (y (t) = § ()
§(t) =Cyi (1)
where Z (t) is the estimation of the state, L; is observer gains, AL; (¢) is a perturbed matrix and

max {||AL; (t)||} <, fi (& (t),t) is nonlinear estimation, f, (¢) is the observed value of actuator failure, § (t) is the
measured output observation value.

(13)

Let e (t) = x (t) — Z (), e (t) represents the estimation error.



According (1) and (13) we have

By (fi (@ (1) = fi @ () + Fui (fa (8) = fu () + Hiwm (1), (14)
ey (t) = Cie ()

where e, (t) represents the measurement output error.

3.1 | Integral-type SMC design

A simple integral sliding surface is designed as follows:
t
S(0)=Gi@ ()~ 0) ~ [ Gildi+ BiKi)a (6)ds (15)
0

where K is a controller gains, & (0) is the initial value of the observer, when S (t) = 0 and S () = 0, which means
that the trajectory of the system can reach the sliding surface, thus an equivalent controller can be obtained.

Ueq (t) = Kt (1) = (GiBi) ™' Gi [Aaie (t = T (1) + (Li + AL; (1)) Cie ()] = Fifa (t) = fi (2 (2))
Take U, (t) into (13) we get the following equation
(t) = (Ai + BiK:)# (t) + BaiAaid (t =T (1)) + Bai (Li + AL (1)) (y (t) — 9 (1)) (16)

where BGi =1- Bi(GiBi)_lGi.
A new dynamic equation is obtained.

& (t) = (Ai + BiK;)i (t) + BgiAai® (t — Ti (t)) + Bai (Li + AL; () (y (£) — 9 (1))

+ Bi (fi (@ (1) = fi @ () + Fas (fa (8) = fu (1))

3.2 | Stability analysis

Theorem 1. For constants v > 0, « > 0, 0 < T’y < 'y and 0 < py, (¢ =1,2), the closed-loop systems (17) are
stochastically stable, if symmetric matrices P; > 0 and Q,, > 0, v = (1,2,3,4,5), W;, S; and exists positive scalars
€14y €2i, €34, V @ € S such that the following inequalities hold

s Qo
Q; = [ ) Qaj <0 (18)
P, —P—-W; <0, j#1 (19)
[P, — ol G;7
2
. GiBJ <0 (20)
where
[, 0 0 PAgy Qs 0 [0 Q18 Q19 Q110
x (o9 0 0 0 0 0 0 0 0 Q7 0 0 0
* * 9331- 0 0 0 0 0 0 0 * Qg 8 Qg 9 0
M = Qo = Q3 = DN
! * * * 9442' 0 0 2 0 0 0 0 3 * * Qg’g 0
* * * * 9551‘ PlAd’L 0 0 Q579 Q5,10 * * X 910710
| x * * * * Qe | 0 0 0 0 |




Q11 = Pi (A + BiK:) + (A + BiK) BT + 2G5 (GiB) "G+ Q1+ Qo+ Qs +v(Ty — T1) Q3

s
+ €2iNiTNi + P2i014 + P4i02; + 0256”252 + OZCIZ'TC;M' + Z )\ij (PJ — R) — 5”W1 + 7]2.[ + LZLZT
IET
Q55 = Py (A — LiCy) + (A — LiCi)T-PiT + 1 'PPT + 202C2C; + e1in?CiT O + 269, ' PIM MG P,

2
+ 9iN; TN + 263, ' PM M P+ Qa + v (T2 — T1) Qu + T2%Qs5 + %Fz’)@s + PP

S

+ prioni + psioi + Y Nij (P — Pi) — 6, Wi + 0.256,;°5;
Jj#i
Do0i = —Q1, Vzi = —Q2, Vg = — (1 — i) Q3 + Agi” PiAgi + €3:Nai” Nug
Q.60 = €ijNai” Nag — (1 — 113) Qu + Aqi” Agi, Q50 = P, (L +AL; (1) Cy, Qg = — 55 4 L2750
Dy9; = B3t — P4 Q10 = aCpi" Doy — (1 — @) 11Ci ™, Q5 i = PHZ2L — B Qs 10 = PiH;

Qrzi = (i — 1)Qs, Vw8 = —pail Vw0 = pail, Qo; = Bi' B; — ﬂ3z1 P4J v = max {—m;; }
Q10,10i = =9 + aDgi” Doi =2 (1 — a) D, fi (2 (1) = fi (2 () — fi (& (), T1 = min Ty, (¢)
Then the closed-loop system (17) are stochastically stable.

Proof: First, we choose a new mode-dependent Lyaunov function as follows:

V(:%,e,i) :V1+V2

¢ t
Vi =2t (t) P (t) + / &7 (5)Q1# (s) ds + / 7 (5)Qai (s) ds
t—T'1 t—I'2
t Ty ¢
+ 27 (5)Qs (s)ds + 5)Qsi (s) dsdf
¢ T, ¢
Vo = €T (t) Pe(t) + el (5)Que (s)ds + e (5)Qae () dsdf
/ !m/g
0 -1,
+1y (s)Qse (s) dsdf + T'ay $)Qse (s) dsd\do
e [1]

7F1(t)
From the above, we get

Vi < 237 (f,) P; [(Az + BiKi) T (t) + Bgi Ayt (t —I (t)) + Bgi (Li + AL; (t)) Cie (t)]
BT (1) D miPid (6) + 8T () Qe (1) = 7T (= T1) Qi (t = T1) + &7 (1) Qo (1) -

2T (t—T2) Qe (t —To) + 27 (1) Q32 (t) — (1 — i) &7 (t — T () Qs (t — T (1))
+ (T2 =) " (1) Qs (1)



Similarly, we have

Vo < 2T (1) Pi[(A; — LiC; — AL; () C) e (t) + Agie (t — Ty (t)) + Adyx (t) + AAda (t — T (t))
Bi (fi (@ (t)) — fi (2 (t))) + Fua (fa (t) = fa (t)) + Hiw ()] + " (t) Y i Pre ()
j=1
e (1) Que () = (1 —pi () " (t =T (1)) Qae (¢ = Ti (1) + (T2 (£) = T1 (1)) e (1) Que ()

t

+ Do (8) (s (t) — 1) / e’ (s) Qse(s)ds +Ta (1) T2 (1) e (t) Qse (1)
t—T(t)

1, (02O T 0 r ) g

Noting that m;;>0 (i # j) and 7;<0 we have
s t
S g / 37 () Qui (t)ds

R ()

“Y / (5)Qui (s +mi [ 37 (5) Qai (5)ds

B t—T; (t)

iﬂij / /eT(S)Q5e(s)dsd9

—T;(t) t+0
0t 0 ¢

< — i / / e’ (s) Qse (s)dsdf + my / / e’ (s) Qse (s)dsdf

—T5 t+6 —I'1 t46
71—‘1 t

—'y// s) Qse (s)dsdf

]
S

For > m;;P; in (21), (22), we have
j=1

S S

S wiPr =Y (fy 4+ Am)Pr = > (Amij + 6i) W,

j=1 j=1 =1
="\ (P = P) — AmyyW; — 6uW; +Z (Amij + 0i5) (P; — P — W3)
J#i J#i
where W; = W; T according to (10) ¥ S; > 0 we have
—AmW; < 0.256;°S; + WS, ' W,
the upper formula can be rewritten as follows:

Z’R’ZJ Z)\lj P P)+0255“251 5”WZ +WiSle+Z-Z(Amj +6ij) (PJ —Pi — Wl)
J#i J#i

(22)

(23)

(24)

(25)
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According Lemmal, we have

227 (t) P,BaiAgid (t — T; () < 227 (t) P Agia (t — Ty (1) + 27 (¢) GiT (G By) "Gy () 28)
+z (t - ( )) AdzTP Agi® ( Iy (t))

2&7 (t) PiBay (Li + AL (t)) Cye (t) < &7 (t) LiL; " & (t) + n?27T (t) & (t) + 20%eT (¢) C;T Cye (1) (29)

—26T (t) PZAL (t) C’ie (t) S 511‘71€T (t) PiPiTe (t) + 611'7726T (t) CiTCi(-;’ (t) (30)

el (t) PAAx (t) = 2T (t) PAA; (& () +e(t)) (31)

< 262i_1€T (t) PiMiMiTPie (t) + EgiiT (t) NiTNi.f? (t) + EQieT (t) NiNiTe (t)

el (t) PAAgz (t —T; (1) =27 (1) PLAAg; (2 (t —Ti (1) +e(t —Ty (1))
< 2e3;7 el (t) MM Pie (t) + e3;@ (t — T () NgF Ny (t — Ty (1)) (32)
+€3i€T (t—F-( ))Nd;rNdZ t— FZ (t))

/\A

2¢" (1) PBi (f; (x (1)) = fi (@ (1) < " () PR e () + (fs (2 (1) = fi (& () B Bi (i (x (1) = fi (& (1) (33)

from Definition 2, 3 we have

priorie” (t)e(t) — puf (z(t),t)e(t) >0 (34)
paionid” (£) & (8) + pai f (x (), 1) & (t) — poif (x (), £) & () > 0 (35)

from Definition 3 we have
psioaie” (t)e () + psie” (1) f(x (t) ) — pai f" (@ (£) ,8) f (2 (1) ,1) 2 0 (36)

P4i02;T t (t) z (t> p4za3z (t) f (.’17 (t) 7t> - p4ifT (.’17 (t) 7t> f (‘T (t) ’t)
+ paio3id ( ) f(x(t),t) + 2P41f( t),t) f(x(t),t) - p4ifT (x(@),t) f(x(t),t) =0

6 {
Lastly, bring (21-37) into (38
E {
%

—2(1 =) et () C” (D)@ (1) — 2(1 — a) @ (£) D (1) — 4257 (1) (1) + £V] dt}

Tp
=€ {/ngQifldt}

0

we definite

o\-éﬂ

@z ()2 () —2(1 - ) nZ” () w mﬁwﬁwme% (38)

\_/

, it is obvious that

[@Z" W) Z(t)—2(1—a)mZ" W)@ (t) — i@’ (t) @ (t) + (V] dt}

[axT (t) Cui ™ (t) Cos (8) 2 () + 202 (t) Coy” (t) Doyw (t) + @” (t) Do Deiwo (t)

O\ﬁ O\ﬁ

where
(1 [A (t) &7 (t=T1) &7 (t =Ts) &7 (¢t = Ty) " (1)]
= [T [, T @) s S @) e @) < 0] 6 =[G G
From the above formula, we can get J (t) < 0 for any given ¢t > 0, the closed-loop systems (17) is mixed Ho, and
passive, The proof is completed. It is particularly noteworthy that when w (¢) = 0, the closed-loop system is also

stable. In the (29) formula, we assume P; + (G;B;)~'G; < vI, as can be seem form the Schur lemma, it is equivalent
to (20).



Remark 4. In ¢V, the integral term Z Tij ft r & (1) Qs (t)ds, Z Tij ft r € (t)Qa(t)ds
Z Tij f Ty (8) ft+9 s) Qse (s)dsdf are mode dependent, and using (23-24) can make it offset.
Theorem 2. For constants vy > 0, > 0,0 <T; < Ty and 0 < p; <1, (i = 1,2), the systemd (17) are stochastically

stable, if symmetric matrices P; > 0, @, > 0, v = (1,2,3,4,5), W;, S; and exists positive scalars 1;, £9;, €34, Vi € S
so that the following LMI hold.

U1 O
G, = [Ugi U4J <0 (39)
P —P-W; <0, j#1 (40)
Pi — UI GiT
where
(U115 0O 0 AsuX; 0 0 0 0 0 Or1,10i |
* —Ry O 0 0 0 0 0 0 0
* * —Rj 0 0 0 0 0 0 0
* ok ok U4 AuXsT 00 0 0 0
Oy, = * * * * Us,5: 0 0 0 0 H;
¢ * * * * * Usei O 0 0 0
* * * * * * Orq7 0 0 0
* * * * * * x Oggi 0 0
* * * * * * * * Ugg; O
| * * * * * * * * * 010,106
0 0 0 0 O 0O 0 000 00 0 vg; Y10:
0 0 0 0 O 0O 0 000 000 0 O
U¢;=]10 0 0 O O0]|,0,4;=10 0 000]|,08,=1000 10 O
P Py 0 0 0 0O 0 0O00O0 000 O O
0 0 3 Yai Vs Yei Yri Psi 00 000 0 O

Oy = {USZ g;z } ,Us; = —diag {X; X; e1; I p1361; p3ides I =1 I}
3

U1 = 4X:" + BTy + X; A" + T,"B;" + Ry + Ry + R+ (T2 — I't) R + 0.256;,°S; — 6;; W

2_p,2

I
Ussi = AiXiT + XiAT + Ry + T9?Rs + v (T — T'y) Ry + Ty 2 Rs — 6;;W; +0.250,;2S;

+ 1 + 252i_1MiMiT + 253i_1MiMZ'T + Eli_ll + QR

Us,60 = (1 — i) Ry, Orai = AgiXi", Orzi = — (1 — i) Rs, Uggi = —pail, U180 = M, GOs,106 = H;,
Ug,9; = B;" Bi—pail—p3iI, U1,9; = M7 Us,9; = WL Us,0i = pail, U10,100 = =71 —2 (1 — @) 11 D,
U1,10i = aX; (Cpi" Dei) — 2(1 —a) nX;Cpil, 0, = {\/)\TZX VYIRS VOIS CRERRVI V. o

S = —diag {X1 -+ Xio1 Xiy1 - Xo}, 01 = X;Aai", 2 = 531X1'NdiT7 Y3 = e nXiCi", by = e X;N;"

V5 = p1:61Xi, Yo = p3id2iXi, Y7 = V20X;N; ", s = Oy, g = EszX NdzT> 10 = X NdzTa & =[G ¢

o= [#7(0) 37 (=T #7 (¢ T9) #7 (T 0], G = 70T [ e () o) oo ) =7 0]
Proof: Let X; = P,1Y; = PiL;, Ti = K; X, X, S x;,T =5, X, Q1 = Rl, XngXi = Ry, X;Q3X;T = R,
X;Q4X;," = Ry, X;Q5X," = Rs, L,C; X, = R;, XW: X;T =W, By theorem 1 the Pre-and post-multiplying (19)
by diag {X;, X;, X;, X, X, Xi, X, I, I, I} and its transpose, the U; < 0, moreover K; = T.X;"', L, = P,"'Y;. The
proof is completed.

S
Remark 5. The processing of > m;;P; is in the (27) form, where the range of transition probabilities is broader and

j=
easier to obtain in practice, and the feasibility solution is easier to derive in LMIs.
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3.2.1 | SMC law design

Remark 6. Design a proper SMC law to enable its trajectory to reach the sliding mode surface S (t) = 0, the SMC
law design as follows.

u(t) = uq () +up (1) (42)

where

N (t) = h+ H(GiBi)‘lGiAdi

& (¢ =T ()] + [[(GiB) ™ Gi (Ls + AL (9) €

lle (&)l

Theorem 3. Presume the switching surface is given in (15) with K; and L; have been solved in Theorem 2, the
state trajectories can reach the sliding mode surface S (¢) = 0 with SMC (42) in finite time.
Proof: Choose Lyapunov function as

Vs = %ST (t) S (t) (43)

= ST (t) |G (t) — G (Ai + B;K;) & (t)}

() {G: [Aad (t =T () + B (w () + fi (& () + BiFifu (1) = Bifia (1)) |
+8T(t) Gi (Li + AL; (1)) Cie (t)
< IS OUNG [I4ai (¢ = T )]+ 1B, (@) + fi (@ )]+ 1B
+[LiCie (&) [+ i ()]

[ACESION

we have
Vs < —h|IS ()] = —VZhVE (1) (44)
where h > 0, then, by determiningS(tg, o) = Sp, we have

h 1
e[Vs(S(t),4,t)[S(to, m0)] < —573 + V2 (S0, 1, to)

It can be known that there exist ¢+ < 21/5%(50,1',750)/11, such that[V4(S(t),4,t)]|S(to,70)], which implies the state
strategies will reach the sliding mode surface in finite time. The proof of theorem 3 is completed.

Remark 7. In this paper, the SMC law includes observer gain L; and control gain K; for error system, which is
different from other papers, such as [9,10,44]. According to the proof of Theorem 3, the state trajectories of system
(1) can reach onto the predefined surface in finite time.

4 | EXAMPLES FOR ENUNCIATIONS

4.1 | example 1

In order to verify the validity of theorem 2, consider the jump of two modes. The parameters described by:

1
-3 2 0.2 0.1 —0.1 0.01 0.1 0.1 0.1
Ay = |-01-1 -4 |, Apg = |02 -0.1 0.1 |, By = |0.2|, Foy = (02|, H1 = | 0 |, Cy = [0.1 1.2 —0.1],
2 1 -1 —0.1 —0.1 0.3 0.1 0.1 0.1
—0.1

Cp1 = [0.1 —0.01 0.01], My = | 0.3 |, Ny = [0.1 0.01 —0.1], Ng1 = [-0.1 —0.1 0.1], Dy = 0.2
-0.1
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Mode2
-3 -2 25 —0.1 —0.1 0.1 0.2 0.2 0.1
Ay = |-01-3 =2 |, Agz = | 03 —0.1 —0.1|, By = |0.1|, Fog = |0.1|, Hy = [0.1|, Co = [0.1 0.8 —0.1],
—4 -1 -3.5 —0.1 —0.2 0.1 0.1 0.1 0.1
0.1
Ca2 = [-0.01 0.01 —0.01], My = |=0.2|, No = [0.1 0.1 —0.5], Ngp = [—~0.1 0.1 0.01], D = 0.2
0.3

consider the known part of the transition probability matrix and the transition probability error matrix
H _ [—0.6 0.6] {511 512} _ [—0.4 0.4]
09 —-0.9 ’ 521 522 0.1 —-0.1
Next, the selected parameters are given. 17 = €12 = 0.5, €91 = €99 = 0.1, €31 = €320 = 0.1, a = 0.5 and v = 1,
time delay and time delay derivatives are d; = 0.1, dy = 0.6, 3 = 0.01, pue = 0.6, the Lipschitz constant is o117 =
012 = 0.3, 021 = 022 = 0.01 and 031 = 032 = 0.7. Use the same method as [28|, assumption f; (x (t)) = 0.3sin (z (¢)),
in definition 2,3, we can prove that f;7(z(t)z(t) < 0.3]|z®)|?, fi¥(x(t))fi(z(t)) < 0.09]z(t)||>. The remaining
parameters are 7 = 0.5, p11 = p12 = 0.15, pa1 = pao = 0.75, p31 = p32 = 0.2 and pg1 = p42 = 0.7. Exogenous input
w (t) =0.2 - exp (—100¢).
based on the above discussion, solve the linear matrix inequality, and obtain the controller gain and observer gain.

Ky = [3.6150 -5.1410 - 7.3831] K = [-6.9409 - 5.3619 8.8466]

- 8.3244 - 3.3630
L, = 28.4930 Ly = | 14.7427
- 31.5833 - 16.3453

The results are display in Figs.2-7. Fig.2 is the state of closed-loop system, Fig.3 and Fig.4 show the observational
state trajectory and error state trajectory of the system, Fig.5 and Fig.6 represent the controller trajectory and
sliding surface function, and the switching function is described in Fig.7.

T
—x

—

time(sec)

Fig 2 The state response z(t)

4.2 | example 2

Consider a RLC from ([39]) circuit where the current in the circuit is ¢ (¢), L, R and C represent inductance,
resistance and capacity, u (¢) is the driver, L, R and C voltages and quantities are represent by ur, (t), ug (t) and uc (t).
It is assumed that the switch have two places and switches from one place to another in a stochastic method, and is
modeled by taking the value of Markov process in finite state space S = {1,2}. Let x1 (t) = uc (t) and z2 (t) = iy (¢),
circuits can be designed as MJS (1) with the parameters as follows:
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—— Estimation of x,(1]

Estimation of state x(}

) 1 2 3 4 5 3 7 [ o 0
time(sec)

Fig 3 The estimation state & (¢)

T
—e,
—e|~
—r

0 1 2 3 4 s 3 7 3 o 0
timefsec)

Fig 4 The estimation error e (¢)

r\N =

| | |
o 1 2 3 4 5 6 7 8 ] 1
Offset=0 time(sec

Fig 5 controller trajectory w (t)

where R = 0.01Q, C; = 0.4F, Co =0.6F, L, = 3H, and Ly, = TH. Next, some other parameters are given
Mode 1

Ap = | 0‘08} Fo = m H = [_0'1], C1=[-02 —0.5], Cpy = [0.5 —1], M) = [_0‘1]

|—0.2 —0.3 5 0.8 -0.8
Ny = [0.03 0.1], Ngy = [0.01 0.02], Dy = 0.01
Mode 2.

0.06 —0.2 0 —0.1 0.23
Agp = 0.2 _0'3], Foo = M Hy = {0.2 } Cy = [-0.42 0.1], Cpz = [0.1 —0.012], M = {0.1}

Ny = [—0.1 0.002], Ngz2 = [0.01 0.01], Dep = 0.01



13

T T T T T . T T T
o025 =

time(sec)

Fig 6 sliding mode s (t)

I
0 s 10 15 20 2% B
time(sec)

Fig 7 switching signal

Consider the known part of the transition probability matrix and the transition probability error matrix

H_ —0.11 0.11 011 12| _ [—0.1 0.1
[ 011 —0.11] 7 [d21 d22| | 0.1 —0.1

S S
Similarly, introducing a new parameter A;j, \jj = T;;—0;5, Vj #tobvious 6;; = — > djand Ny =— > Ay
j=Lii J=L#i

Next, given the selected parameters, €11 = €13 = 0.5, €91 = €92 = 0.1 and €37 = €32 = 0.1, a = 0.5, 71 = 1, time delay
and time delay derivatives are dy = 0.1, do = 0.6, ;3 = 0.02, o = 0.02. The remaining parameters are n = 0.11,
p11 = p12 = 0.105, pa1 = pao = 0.77, p3s1 = p32 = 0.2 and pyy = pgo = 0.7. The nonlinear function is the same sa
example 1, exogenous input w (t) = 0.2 - exp (—100¢).

Based on the above discussion, solve the linear matrix inequality, and obtain the controller gain and observer gain.

Ky = [-4.6195 —8.3922] K, = [-3.4159 - 8.4352]
[ 4.4565 [ 47.6393
o[- 523160 | -67.3875
The results are display in Figs.8-13. Fig.8 is the state of closed-loop system, Fig.9 and Fig.10 show the observational

state trajectory and error state trajectory of the system, Fig.11 and Fig.12 represent the controller trajectory and
sliding surface function, and the switching function is described in Fig.13.

5 | CONCLUSIONS

This paper is about mixed H,, /passive SMC problem of uncertain stochastic MJSs, transition probabilities
bound and unmeasured states. The considered non-linear system satisfies a class of generalized Lipshitz which is less
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—x,0]4

time(sec)

Fig 8 The state response z(t)

Estimation of state x(f)
s
T
I

time(sec)

Fig 9 The estimation state & ()

time(sec)

Fig 10 The estimation error e (t)

conservative than traditional Lipshitz. We designed parameters are mode-dependent in the integral term, which can
reduce the conservativeness. The mixed H,, /passive performance index is more advanced. All of our results have
been testified by numerical examples verifying the availability.
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