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Decentralized control of interconnected systems with
random communication packet dropout

LI Hui, WU Qing-he

(School of Automation, Beijing Institute of Technology, Beijing 100081, China)

Abstract: The stability analysis and controller synthesis are thoroughly investigated for large-scale interconnected sys-

tems, which subject to random communication packet dropout between subsystems. Spatial variables and spatial shift oper-

ators are introduced to model the interconnected systems with packet dropout as multidimensional systems of discrete-time

and spatial variables and with Markovian jumping parameter. Analytical criteria are obtained for the whole interconnected

system to be mean-square stable and to have the prescribed performance, based on the bounded real lemma for jump sys-

tems. Next, a method of designing the decentralized output feedback controller is proposed, which is expressed in terms of

linear matrix inequalities. Finally, an example of multi-robot formation control with consideration to the packet dropout is

exploited to demonstrate the validity and effectiveness of the proposed model and method.
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. ,

,

,

, .

[3] ,

, Markovian [12],

H∞
, ,

,

(LMI) , .

.

2 (Modeling for random

interconnected systems)
, 1 .

,

, L + 1
d = d(k, s1, s2, · · · , sL), k ∈ Z

+ ,

si ∈ Z , , L

. , ,

d(k, s),
[3].

1

Fig. 1 The model of interconnected systems

( 2), :⎡
⎢⎣xT (k + 1, s)

w(k, s)
z(k, s)

⎤
⎥⎦=

⎡
⎢⎣ATT ATS BT

AST ASS BS

CT CS D

⎤
⎥⎦

⎡
⎢⎣xT (k, s)

v(k, s)
d(k, s)

⎤
⎥⎦ .

(1)

: xT (k, s) ∈ R
m0 ;

d(k, s) ∈ R
p ; z(k, s) ∈ R

q

.

2

Fig. 2 A basic sub-system block

v(k, s) =

[
v+(k, s)
v−(k, s)

]
∈ R

m,

w(k, s) =

[
w+(k, s)
w−(k, s)

]
∈ R

m

. v+(k, s) w+(k, s)
m+, v−(k, s) w−(k, s) m−.

, 1,

:{
v+(k, s)=γw+(k, s−1)+(1−γ)v+(k−1, s),

v−(k, s)=δw−(k, s+1)+(1−δ)v−(k−1, s).
(2)

γ(k) δ(k)( γ δ), k � 0
, .

Pr[γ(k) = 0] = Pr[δ(k) = 0] = p; Pr[γ(k) = 1] =
Pr[δ(k) = 1] = 1 − p. γ(k) = 1 δ(k) = 1

, v+(k, s) = w+(k, s − 1),

v−(k, s) = w−(k, s+1). γ(k) = 0 δ(k) = 0
, ,

v+(k, s) = v+(k − 1, s), v−(k, s) = v−(k − 1, s).

p .

(1) (3) :⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

xT (k + 1, s) =

ATT xT (k, s) + A1
TSγw+(k, s − 1)A1

TS(1−
γ)v+(k − 1, s) + A−1

TSδw−(k, s + 1)+

A−1
TS(1 − δ)v−(k − 1, s) + BT d(k, s),

w+(k, s) =

A1
TSxT (k, s) + A1,1

SSγw+(k, s − 1) + A1,1
SS(1−

γ)v+(k − 1, s) + A1,−1
SS δw−(k, s + 1)+

A1,−1
SS (1 − δ)v−(k − 1, s) + B1

Sd(k, s),

w−(k, s) =

A−1
TSxT (k, s) + A−1,1

SS γw+(k, s − 1) + A−1,1
SS (1−

γ)v+(k − 1, s) + A−1,−1
SS δw−(k, s + 1)+

A−1,−1
SS (1 − δ)v−(k − 1, s) + B−1

S d(k, s),

v+(k, s) = γw+(k, s − 1) + (1 − γ)v+(k − 1, s),

v−(k, s) = δw−(k, s + 1) + (1 − δ)v−(k − 1, s),

z(k, s)=CT xT (k, s) + C1
Sγw+(k, s − 1)+

C1
S(1−γ)v+(k−1, s)+C−1

S δw−(k, s+1)+

C−1
S (1−δ)v−(k − 1, s)+Dd(k, s).

(3)

(3)
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, ,
[3].

1 d(k, s), S:{
Sd(k, s) = d(k, s + 1),

S−1d(k, s) = d(k, s − 1),
(4)

T :

Td(k, s) = d(k + 1, s). (5)

1[13] , S ∈ {zI : z ∈ C,

zz∗ − 1 = 0}; ,

T ∈
(

zI : z ∈ C, [z 1]

"
−1 0

0 1

# "
z∗

1

#
� 0

)
.

xS(k, s) =

[
xS1(k, s)
xS−1(k, s)

]
=

[
w+(k, s − 1)
w−(k, s + 1)

]
,

p(k, s)=

[
v+(k−1, s)
v−(k−1, s)

]
, q(k, s)=

[
v+(k, s)
v−(k, s)

]
,

ΔS = diag{SIm+ , S−1Im−},
(3) (6)

, (3)

. , (k, s).

θ(k) = (γ(k), δ(k))
, (6) θ.⎡

⎢⎢⎢⎣
TxT

ΔSxS

q

z

⎤
⎥⎥⎥⎦=

⎡
⎢⎢⎢⎣

ATT ATS(θ) B0,T (θ) B1,T

AST ASS(θ) B0,S(θ) B1,S

C0,T C0,S(θ) D00(θ) D01

C1,T C1,S(θ) D10(θ) D11

⎤
⎥⎥⎥⎦

⎡
⎢⎢⎢⎣

xT

xS

p

d

⎤
⎥⎥⎥⎦ .

(6)

, 4 :

1) θ(k) = 0 γ(k) = 0, δ(k) = 0,

;

2) θ(k) = 1 γ(k) = 0, δ(k) = 1,

, ;

3) θ(k) = 2 γ(k) = 1, δ(k) = 0,

, ;

4) θ(k) = 3 γ(k) = 1, δ(k) = 1,

.

γ(k) δ(k) :⎧⎪⎪⎪⎨
⎪⎪⎪⎩

Pr(θ = 0) = Pr(γ = 0, δ = 0) = p2 = p0,

Pr(θ = 1) = Pr(γ = 0, δ = 1) = p(1 − p) = p1,

Pr(θ = 2) = Pr(γ = 1, δ = 0) = (1 − p)p = p2,

Pr(θ = 3) = Pr(γ = 1, δ = 1) = (1 − p)2 = p3.

(7)

, (6) Markovian θ

k s .

Markovian

.

3 (Performance analysis)
.

x(k, s) ,

.

2 k, l2.∑
s∈Z

x∗(s) · x(s)

,

〈x, y〉l2 =
∑
s∈Z

x∗(s) · y(s), (8)

‖x‖l2 =
√

〈x, x〉l2 . (9)

3 L2. k ∈ Z
+ x(k,

s) ∈ l2 , {x(k,

s)}∞k=0 Markovian θ(k) = {θ(0),
θ(1), · · · , θ(k), · · · }, .

‖x‖2
L2

=
∞∑

k=0
E

θ(k)
〈x(k, s), x(k, s)〉l2 . (10)

E
θ(k)

(x(k)) x(k) .

4 Markovian [14].

Markovian :⎧⎪⎨
⎪⎩

x(k + 1) = A(θ(k))x(k) + B(θ(k))d(k),
z(k) = C(θ(k))x(k) + D(θ(k))d(k),
x(0) = x0, θ(0) = θ0.

(11)

θ(k) , N =
{0, 1, 2, · · · , N} k Markovian

, pij = Pr(θ(k + 1) = j|θ(k) = i),

i, j ∈ N pij � 0
N∑

j=1

pij = 1, ∀ i ∈ N. d = 0,

(11)

1) (mean-square stable),

(x0, θ0), lim
k→∞

E[‖x(k)‖2] = 0;

2) (stochastically stable),

(x0, θ0), E[
∞∑

k=0

‖x(k)‖2] < ∞;

3) (exponentially mean square

stable), (x0, θ0),

0 < α < 1, β > 0 ∀ k � 0, E[‖x(k)‖2] <

βαk‖x0‖2.
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[14] , Markovian

(11), 3 ,

.

5 Markovian H∞ [12].

(11) , x(0) = 0,

H∞ , ‖P ‖∞,

‖P ‖∞ = sup
θ(0)∈N

sup
0 �=d∈L2

(‖z‖L2/‖d‖L2). (12)

H∞ .

(6) , Δm = diag{TIm0 , ΔS}, x(k, s) =
[x∗

T (k, s), x∗
S(k, s)]∗, (6) :⎡

⎢⎣Δmx

q

z

⎤
⎥⎦ =

⎡
⎢⎣ A(θ) B0(θ) B1(θ)

C0(θ) D00(θ) D01(θ)
C1(θ) D10(θ) D11(θ)

⎤
⎥⎦

⎡
⎢⎣x

p

d

⎤
⎥⎦ . (13)

, θ(k) = j, j,

j ∈ {0, 1, 2, 3} , A(θ(k)) = Aj .

.

:

G = {G = diag{G0, G1, G−1}, G0 > 0,

G = G∗, det(G) �= 0}, (14)

L = {L = L∗}. (15)

k + 1 j k
, pij = pj , i, j ∈ {0, 1, 2, 3}.

.

1 pij = pj , i, j ∈ {0, 1, 2, 3},

, ‖P ‖∞ < γ,

G ∈ G, L ∈ L,

diag{G,−L, γ2I} −
3∑

j=0

pjH
∗
j diag{G,−L, I}Hj > 0. (16)

Hj =

⎡
⎢⎣ Aj B0,j B1,j

C0,j D00,j D01,j

C1,j D10,j D11,j

⎤
⎥⎦ .

1) .

(13) d(k, s) = 0.

G ∈ G, L ∈ L, (16) ,

diag{G,−L} −
3∑

j=0

pjH
∗
1,jdiag{G,−L}H1,j > 0

(17)

, H1,j =

[
Aj B0,j

C0,j D00,j

]
.

V = [x∗
T (k, s), x∗

S1
(k, s), x∗

S−1
(k, s), p∗(k, s)],

V1 = [x∗
T (k + 1, s), x∗

S1
(k, s + 1),

x∗
S−1

(k, s − 1), q∗(k, s)],

(17) V , V ∗,

(6),
3∑

j=0

pj(V diag{G0, G1, G−1,−L}V ∗ −

V1diag{G0, G1, G−1,−L}V ∗
1 ) > 0. (18)

,

, , (19),

(k, s).
3∑

j=0

pj (〈xT , G0xT 〉l2 + 〈xS1 , G1xS1〉l2 +

〈xS−1 , G−1xS−1〉l2 − 〈p, Lp〉l2 −
〈TxT , G0(TxT )〉l2 − 〈SxS1 , G1(SxS1〉l2 −
〈S−1xS−1 , G−1(S−1xS−1)〉l2 + 〈q, Lq〉l2) > 0.

(19)

〈SxS1 , G1(SxS1)〉l2 = 〈xS1 , S
∗G1(SxS1)〉l2 =

〈xS1 , G1S
∗SxS1〉l2 = 〈xS1 , G1xS1〉, (20)

〈xS−1 , G−1xS−1〉l2 =〈S−1xS−1 , G−1(S−1xS−1)〉l2 .
(21)

, q(k, s) = ΔT p(k, s), ΔT = diag{TIm+ ,

TIm−},

〈q, Lq〉l2 − 〈p, Lp〉l2 =

〈
[

ΔT

I

]
p,

[
L

− L

][
ΔT

I

]
p〉l2 =

∑
s∈Z

p∗[Δ∗
T I]

[
L

− L

][
ΔT

I

]
p � 0. (22)

(19)
3∑

j=0

pj(〈xT , G0xT 〉l2 − 〈TxT , G0(TxT )〉l2) > 0.

(23)

ε > 0,
3∑

j=0

pj(〈TxT , G0(TxT )〉l2 − 〈xT , G0xT 〉l2) <

−ε〈xT , xT 〉l2 . (24)

Lyapunov :

V (xT (k, s)) = 〈xT (k, s), G0xT (k, s)〉l2 , (25)

E
θ(k)

[V (xT (k + 1, s)|xT (k, s))] =
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3∑
j=0

pj〈TxT (k, s), G0(TxT (k, s))〉l2 <

V (xT (k, s)) − ε〈xT (k, s), xT (k, s)〉l2 � (26)

[1 − ε

λmax(G0)
]V (xT (k, s)) =

αV (xT (k, s)). (27)

(26) 〈z, Gz〉l2 � λmax(G) ·
〈z, z〉l2 ,∀ z, ε α :=
1 − ε

λmax(G0)
> 0.

, [15].

1
Pn : E

θ(k),··· ,θ(k+n−1)
[V (xT (k+n, s)|xT (k, s))] <

αnV (xT (k, s)),∀ k,∀ n ∈ N. (28)

lim
N→∞ E

θ(0),··· ,θ(N)
[

N∑
k=0

V (xT (k, s)|xT (0, s))] <

lim
N→∞

(1 + α + · · · + αN)V (xT (0, s)) <

1
1 − α

〈xT (0, s), G0xT (0, s)〉l2 . (29)

lim
N→∞ E

θ(0),··· ,θ(N)
[

N∑
k=0

〈xT (k, s),xT (k, s)〉l2 |xT (0, s)]�

lim
N→∞

1
λmin(G0)

E
θ(0),··· ,θ(N)

[
N∑

k=0

V (xT (k, s)|xT (0, s))]�

(30)

1
λmin(G0)

1
1 − α

〈xT (0, s), G0xT (0, s)〉l2 =

λmax(G0)
ελmin(G0)

V (xT (0, s)) < ∞. (31)

(30) λmin(G0)〈z, z〉l2�〈z, G0z〉l2 ,
∀ z. (31) G0 > 0 λmin(G0)
> 0, λmax(G0) > 0.

,

.

2) H∞ .

eM(k) =

{
e(k), 0 � k � M,

0, k > M.
(32)

Lyapunov (25) ,

θ(0) ∈ N, xT (0, s) = 0, V (xT (0, s)) = 0,

E
θ(0),··· ,θ(M)

[
M∑

k=0

(V (xT (k+1, s))−V (xT (k, s)))] =

E
θ(0),··· ,θ(M)

[V (xT (M + 1, s))] � 0. (33)

‖zM‖2
L2

�

γ2 ‖dM‖2

L2
+

M∑
k=0

E
θ(k)

[〈z(k, s), z(k, s)〉l2 −

γ2〈d(k, s), d(k, s)〉l2 +
(V (xT (k + 1, s)) − V (xT (k, s)))]. (34)

, (16)

[x∗(k, s) p∗(k, s) d∗(k, s)], [x∗(k, s) p∗(k, s)
d∗(k, s)]∗, , ,
3∑

j=0

pj (〈TxT , G0(TxT )〉l2 + 〈SxS1 , G1(SxS1)〉l2 +

〈S−1xS−1 , G−1(S−1xS−1)〉l2 − 〈q, Lq〉l2 +
〈z, z〉l2 − 〈xT , G0xT 〉l2 − 〈xS1 , G1xS1〉l2 −
〈xS−1 , G−1xS−1〉l2 +〈p, Lp〉l2−γ2〈d, d〉l2)<0.

(35)

(20)∼(22) Lyapunov (25),

(35)

E
θ(k)

[〈z(k, s), z(k, s)〉l2 − γ2〈d(k, s), d(k, s)〉l2 +

(V (xT (k + 1, s)) − V (xT (k, s)))] < 0. (36)

(34), ζ > 0,

‖zM‖2
L2

� γ2‖dM‖2
L2

− ζ.

M → ∞, ‖z‖2
L2

� γ2‖d‖2
L2

− ζ .

d ∈ L2, ‖z‖L2 � γ‖d‖L2 , ‖P ‖∞ < γ.

.

2 , (16)

, .

:

.

3 (N = 1), (16)

,
[13,16].

4 (Controller synthesis)
1

( 3),

, ‖P ‖∞ < γ.

:⎡
⎢⎢⎢⎣

Δmx

q

z

y

⎤
⎥⎥⎥⎦ =

⎡
⎢⎢⎢⎣

A(θ) B0(θ) B1 B2

C0(θ) D00(θ) D01 D02

C1(θ) D10(θ) D11 D12

C2(θ) D20(θ) D21 0

⎤
⎥⎥⎥⎦

⎡
⎢⎢⎢⎣

x

p

d

u

⎤
⎥⎥⎥⎦ .

(37)

: y(k, s) , u(k, s)
.
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3

Fig. 3 Decentralized control of interconnected systems

:[
TxK(k, s)

u(k, s)

]
=

[
AK BK

CK 0

][
xK(k, s)
y(k, s)

]
. (38)

(37)(38) :⎡
⎢⎢⎢⎢⎣

TxT

TxK

ΔSxS

q

z

⎤
⎥⎥⎥⎥⎦=

⎡
⎢⎢⎣

Acl(θ) B0cl(θ) B1cl(θ)

C0cl(θ) D00cl(θ) D01cl(θ)

C1cl(θ) D10cl(θ) D11cl(θ)

⎤
⎥⎥⎦

⎡
⎢⎢⎢⎢⎣

xT

xK

xS

p

d

⎤
⎥⎥⎥⎥⎦ .

(39)

. 1

. G ∈ G,

L ∈ L,

diag{G,−L, γ2I} −
3∑

j=0

pjH
∗
cl,jdiag{G,−L, I}Hcl,j > 0. (40)

Hcl,j =

⎡
⎢⎣ Aclj B0cl,j B1cl,j

C0cl,j D00cl,j D01cl,j

C1cl,j D10cl,j D11cl,j

⎤
⎥⎦ .

(40) , G, L

AK , BK , CK .

, ,

,

.

2 pij = pj, i, j ∈ {0, 1, 2, 3},

‖P ‖∞ < γ,

X, Y ∈ Rm0
S , Q ∈ L,

Z = diag{Z1, Z−1} ∈ Rm
S

L, F, W,Kj, Mj , LMI :⎡
⎢⎢⎢⎢⎢⎣

R11
√

p0R
∗
21

√
p1R

∗
31

√
p2R

∗
41

√
p3R

∗
51√

p0R21 R22 0 0 0√
p1R31 0 R22 0 0√
p2R41 0 0 R22 0√
p3R51 0 0 0 R22

⎤
⎥⎥⎥⎥⎥⎦ > 0.

(41)

: R11 =

⎡
⎢⎢⎢⎢⎢⎣

Y I 0 0 0
I X 0 0 0
0 0 Z 0 0
0 0 0 − Q 0
0 0 0 0 γ2I

⎤
⎥⎥⎥⎥⎥⎦ ,

R22 =

⎡
⎢⎢⎢⎢⎢⎣

Y I 0 0 0
I X 0 0 0
0 0 Z 0 0
0 0 0 − Q 0
0 0 0 0 I

⎤
⎥⎥⎥⎥⎥⎦ ,

Rl1 =

⎡
⎢⎢⎢⎢⎢⎢⎣

Y ATT +LC2T W Kj −Mj Y B1T +LD21

ATT ATT X + B2T F ATS,jZ − B0T,jQ B1T

AST AST,jX + B2SF ASS,jZ − B0S,jQ B1S

C0T C0T X + D02F C0S,jZ − D00,jQ D01

C1T C1T X + D12F C1S,jZ − D10,jQ D11

⎤
⎥⎥⎥⎥⎥⎥⎦

, j ∈ {0, 1, 2, 3}, l=j+2.

det(G) �= 0, det(L) �= 0, V = G−1,

Q = L−1. V Q , (40)

P = diag{V,−Q, I}, Schur

, (40) :⎡
⎢⎢⎢⎢⎢⎢⎣

P0 (·)∗ (·)∗ (·)∗ (·)∗√
p0T0 P 0 0 0√
p1T1 0 P 0 0√
p2T2 0 0 P 0√
p3T3 0 0 0 P

⎤
⎥⎥⎥⎥⎥⎥⎦

> 0. (42)

: P0 = diag{V,−Q, γ2I}, P = diag{V,−Q,

I}, Tj = Hcl,jP , j = 0, 1, 2, 3. (·)∗
, (42) .

V = G−1 Δ= diag{V0, V1, V−1} ∈
G det(V ) �= 0, V0 > 0, Z = diag{V1, V−1},

V0 :

V0 =

[
X N1

N∗
1 N2

]
, V −1

0 =

[
Y H1

H∗
1 H2

]
. (43)

X, Y . V0V
−1
0 = I
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V0

[
Y

H∗
1

]
=

[
I

0

]
, V0

[
Y I

H∗
1 0

]
=

[
I X

0 N∗
1

]
.

U1 =

[
Y I

H∗
1 0

]
, U2 =

[
I X

0 N∗
1

]
,

V0U1 = U2. P1 = diag{U1, Im, Im, Iq},

P ∗
1 P0P1 = R11, (44)

P ∗
1 PP1 = R22, (45)

P ∗
1 TjP1 = Rl1. (46)

:⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

L = H1B
K , F = CKN∗

1,

W = Y ATT X+Y B2T F +LC2T X+H1A
KN∗

1 ,

Kj = Y ATS,jZ + LC2S,jZ,

Mj = Y B0T,jQ + LD20,jQ,

j = 0, 1, 2, 3; l = j + 2.

(47)

, (42) diag{P ∗
1 , P ∗

1 , P ∗
1 ,

P ∗
1 , P ∗

1 }, diag{P1,P1,P1,P1,P1}, LMI(41).

.

: LMI(41) ,

X, Y, L, F, W , (47) .

4 (45) ,

H1 N1, [3,17].

5 (Example)

( 4). [13].

4

Fig. 4 Multi-robot formation in line

, :⎧⎪⎪⎨
⎪⎪⎩

miëi = ki+1(ei+1 − ei)−
ki−1(ei − ei−1) + d2i + ui,

yi = ei + 0.1d1i.

(48)

: ei i

; ui i

; yi ; d1i ,

d2i . mi ; ki−1 ki+1

. mi = m, ki = k, ∀ i.

. (48) ei = 0
.

,

,

,

.

x1(t, s) = xT (t, s) = ei, x2(t, s) = ẋ1(t, s),
xS−1(t, s) = ei+1, xS1(t, s) = ei−1, u(t, s) = ui,

(49) .

γ(t) δ(t) , Δt

.

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

ẋ2(t, s)
ẋ1(t, s)

L1

L2

v+(t, s)
v−(t, s)
z1(t, s)
z2(t, s)
y(t, s)

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

=

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

0 − 2k

m

k

m
γ(t)

k

m
δ(t) M1 M2

1 0 0 0 0 0
0 1 0 0 0 0
0 1 0 0 0 0
0 0 γ(t) 0 1 − γ(t) 0
0 0 0 δ(t) 0 1 − δ(t)
0 1 0 0 0 0
0 0 0 0 0 0
0 1 0 0 0 0

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎣

x2(t, s)
x1(t, s)
xS1(t, s)
xS−1(t, s)

N1

N2

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎦

+

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

0
1
m

1
m

0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 1

0.1 0 0

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

⎡
⎢⎣d1(t, s)

d2(t, s)
u(t, s)

⎤
⎥⎦ ,

(49)

: L1 = xS1(t, s+1), L2 = xS−1(t, s−1), M1 =
k

m
(1−γ(t)), M2 =

k

m
(1−δ(t)), N1 = v+(t−Δt, s),

N2 = v−(t − Δt, s).

k = m, T = 0.5 s, p = 0.3.

2, MATLAB LMI ,

H∞ γ = 3.7444,
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, :

AK =

[
−0.3875 − 3.5830
0.1599 − 1.9351

]
, BK =

[
−1.9940
−2.5204

]
,

CK = [2.4982 1.4590].

3 , 3

,

3

e1 = −5 m, e2 = 10 m, e3 = 20 m,

5(T = 0.5 s, p = 0.3) ,

,

0, .

5

Fig. 5 Variation of mean square errors

6 (Conclusion)

.

Markovian -- ,

H∞
.

.

.
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