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1 Ú ó

2ÂXÚ´�a���z!'�~XÚU
� Ð � £ ã ¢ S X Ú � Ä � X Ú, 3 > ´ ! ²
L!Å�!ó��+�kX2��A^, Ï�
É'5 [1−5].

���aAÏ�·,XÚ, ��XÚ��´d
�xfXÚ9£ã§��m'X���5K|¤,

ÏL3fXÚ�m���¢y��8�. XÏL�
O·����5K, =¦¤k�fXÚÑØ½,

XÚ�NE��±½ [6]. du��XÚ3UõX
Ú5U�¡��^9÷v�U����uÐ�I
�, Cc5, é��XÚ�ïÄÚå
<�4��
,� [6−10].

3¢S���XÚ¥, 2ÂXÚ���y�
ÊH�3, Ïd, é��2ÂXÚ�ïÄäk�
�¢S¿Â. ��2ÂXÚ�½5Ú�"	½
¯K´XÚnØïÄ�����¡, ¿�®²
��
�
ïÄ¤J [11−17], �ù
¤JÌ�8¥
3 Lyapunov ¿Âe�ìC½5þ. Lyapunov ì

C½5�x�´�mªuÃ¡��XÚ�Ä�
5U, §ØU�NXÚ3�ã�mþ�6�5U.

��3 Lyapunov ¿ÂeìC½�XÚ, �U3
�ã�mþäké��Ä�5U, ~X�NþL
�, éõ�ÿ3ó§¥Ã{A^. Ïd, ló§¢
SA^��ÝÑu, ïÄXÚ�k��m½5
' Lyapunov ìC½5�äk¢SA^d�.

k��m½5�Vgd Dorato[18] u 1961

cJÑ, §�A�´XÚ3�ã�mþ�6�5U,

ÙuÐ3�½§Ýþ�²;� Lyapunov ½5n
Ø�uÐ´²1�. C
c, k��m��¯K®
²��
´a�ïÄ¤J [2,3,18−24].

8c, ��2ÂXÚ� Lyapunov ½ [11−17]

Ú���XÚ�k��m½ [2,3,18−24] ®²��

�½�uÐ, �éu��2ÂXÚk��m½
¯K�ïÄ����'��. dulÑ2ÂXÚ2
��A^�µÚ¢Só§¥éXÚ6�5U��
¦, �©élÑ��2ÂXÚ�k��m½5¯
K?1
ïÄ. Äk, r2ÂXÚk��m½Ú
k��mk.�Vgí2�
lÑ��2ÂXÚ;

,�|^ Lyapunov-like ¼ê�{, �Ñ
lÑ��
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2ÂXÚk��mk.Úk��m½�¿©^
�, ¿�Ñ
�AG��"��ì��O�{. �
ý¢�(J�y
�{�k�5.

2 ¯K£ãÚO��£

�ÄXe�alÑ��2ÂXÚ:

x1(k + 1) =Aσ(k)11x1(k) + Aσ(k)12x2(k)

+ Bσ(k)1u(k) + Gσ(k)1ω(k),

0 =Aσ(k)21x1(k) + Aσ(k)22x2(k)

+ Bσ(k)2u(k) + Gσ(k)2ω(k), (1)

Ù ¥, x1(k) ∈ Rr, x2(k) ∈ Rn−r, u(k) ∈ Rp,

ω(k) ∈ Rl, σ(k):Z+ → M = {1, 2, · · · ,m} �©
ã~���&Ò, σ(k) = i L«3�� k �XÚ
�1 i �fXÚ�-¹, Ai11, Ai12, Ai21, Ai22, Bi1,

Bi2, Gi1, Gi2 �·��ê�~êÝ
.

5 1 éu/X Eσ(k)x(k + 1) = Aσ(k)x(k) +

Bσ(k)u(k) + Gσ(k)ω(k), rankEσ(k) = r < n �lÑ
��2ÂXÚ, d©z [16] �, o�±ÏL�ÛÉ
C�=z�XÚ (1) �/ª.

b� 1 é?¿� i ∈ M , [Ai22 Bi2] 1÷�,

= rank[Ai22 Bi2] = n − r.

b� 2 	.6Ä÷v
∑N

j=1αj ωT(j)ω(j) 6 d.

Ù¥ αj > 1, d > 0 �½~ê, N ∈ Z+ �?¿�½
k�~ê.

b� 3 �©ïÄ�?ÛlÑ��2ÂXÚ�
Ð©G�Ñ´��Ð©G�, =3����, lÑ
��2ÂXÚØ�3G�a�.

e¡, òëY2ÂXÚk��m½Úk��
mk.�Vgí2�lÑ��2ÂXÚ.

½Â 1 élÑ��2ÂXÚ

Eσ(k)x(k + 1) = Aσ(k)x(k)

¡XÚ´�K�, eé ∀i ∈ M = {1, 2, · · · ,m},

o � 3 I þ z, ¦ � det(zEi − Ai) 6= 0; ¡ X
Ú ´ Ï J �, e é ∀i ∈ M = {1, 2, · · · ,m},

k deg(det(zEi − Ai)) = rankEi.

½Â 2 ¡ÏJlÑ��2ÂXÚ

x1(k + 1) = Aσ(k)11x1(k) + Aσ(k)12x2(k),

0 = Aσ(k)21x1(k) + Aσ(k)22x2(k). (2)

'u (c1, c2, R,N) ��k��m½, Ù¥, c2 >

c1 > 0, N ∈ Z+, R > 0, e3?¿��&Ò σ(k)

e, é ∀ k ∈ {0, 1, 2, · · · , N}, k xT
1 (0)Rx1(0) 6

c1 ⇒ xT
1 (k)Rx1(k) < c2.

½Â 3 ¡ÏJlÑ��2ÂXÚ

x1(k + 1) =Aσ(k)11x1(k)

+ Aσ(k)12x2(k) + Gσ(k)1ω(k),

0 =Aσ(k)21x1(k) + Aσ(k)22x2(k)

+ Gσ(k)2ω(k). (3)

' u (c1, c2, d, R,N) � � k � � m k ., Ù ¥,

c1, c2, N , R ë�½Â 2, d > 0. e3?¿��
&Ò σ(k) Úb� 2 e, é ∀k ∈ {0, 1, 2, · · · , N},

k xT
1 (0)Rx1(0) 6 c1 ⇒ xT

1 (k)Rx1(k) < c2.

5 2 ½Â 2 Ú½Â 3 ¥�9�” ��” ´�é
��&Ò���5, Ø´�mþ���5.

5 3 ÏJ���2ÂXÚk��m½´�
Ä�Ü©�G��u���½�., dXÚ�ÏJ
5�, ·�Ü©�G���u���½�..

�©�8�Ò´ÏéG��"��ì

u(k) = Kix(k)

= [Ki1 Ki2]

 x1(k)

x2(k)

 , i ∈ M,

¦�dXÚ (1) �þã��ì�¤�4�XÚ´Ï
J�, ���k��mk..

3 Ì�(J

Äk, rXÚ (1) /ªþ=z¤�~�5lÑ
��XÚ, ,�?ØXÚ (1) ���k��mk.
¯K.

�âb� 1 �, �3Ý
 Pi21, Pi22(�ÛÉ), ¦

� Pi =

 Ai22 Bi2

Pi21 Pi22

 �ÛÉ.

- Zi = P−1
i , K [Ai22 Bi2]Zi = [In−r 0]. - x̄2(k)

ū(k)

 = Z−1
i

 x2(k)

u(k)

 , (4)

Ù¥, x̄2 ∈ Rn−r, ū ∈ Rm. KdXÚ (1), ²L{ü
í�, k

x̄2(k) = −Ai21x1(k) − Gi2ω(k), i ∈ M. (5)
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- [Āi12 B̄i1] = [Ai12 Bi1]Zi, K x1(k + 1)

U��

x1(k + 1) = Ai11x1(k)

+
[
Āi12 B̄i1

]  x̄2(k)

ū(k)


+ Gi1ω(k), i ∈ M. (6)

ò (5) ª�\ (6) ª, ��

x1(k + 1) = (Ai11 − Āi12Ai21)x1(k) + B̄i1ū(k)

+ (Gi1 − Āi12Gi2)ω(k), i ∈ M. (7)

- Āi11 = Ai11 − Āi12Ai21, Ḡi1 = Gi1 −
Āi12Gi2, d (5) ªÚ (7) ª, XÚ (1) �U��

x1(k + 1) =Āi11x1(k) + B̄i1ū(k) + Ḡi1ω(k),

x̄2(k) = − Ai21x1(k) − Gi2ω(k), i ∈ M. (8)

e¡, ?ØlÑ��2ÂXÚ (1) ���k�
�mk.¯K, �ÑXe(Ø.

½n 1 XJ�3~ê γ > 1, ·��êé¡Ý

 Si > 0, Qi > 0 ÚÝ
 Yi, é ∀(i, j) ∈ M × M ,

ke�Ø�ª¤á:
−γSi 0 ΞT

i

0 −γQi ḠT
i1

Ξi Ḡi1 −Sj

 < 0, (9)

λ2

λ1
γNc1 +

λ3

λ1
d < c2, (10)

K3G��"��ì

u(k) = Kix(k) =
[
Ki1 Ki2

]  x1(k)

x2(k)


= P−1

i22YiS
−1
i x1(k) − P−1

i22Pi21x2(k) (11)

�^e, lÑ��2ÂXÚ (1) ´�K!ÏJ�, �
'u (c1, c2, d, R,N) ��k��mk., Ù¥

Ξi = Āi11Si + B̄i1Yi,

λ1 = min
∀i∈M

λmin(R−1/2S−1
i R−1/2),

λ2 = max
∀i∈M

λmax(R−1/2S−1
i R−1/2),

λ3 = max
∀i∈M

λmax(Qi).

y² XÚ (8) ���ì ū(k) = K̄ix1(k) |¤
�4�XÚ�

x1(k + 1) = (Āi11 + B̄i1K̄i)x1(k) + Ḡi1ω(k),

x̄2(k) = −Ai21x1(k) − Gi2ω(k), i ∈ M. (12)

d (4) ªÚ (11) ª� K̄i = YiS
−1
i . � Lyapunov-like

¼ê� V (k) = xT
1 (k)S−1

σ(k)x1(k), K

V (k + 1) = xT
1 (k + 1)S−1

σ(k+1)x1(k + 1).

Ø���5, - σ(k + 1) = j, σ(k) = i, (i, j ∈ M),

d4�XÚ (12), �

V (k + 1) = xT
1 (k + 1)S−1

j x1(k + 1)

=
[
xT

1 (k) ωT(k)
]
Ωi

 x1(k)

ω(k)

 , (13)

Ù¥

Ωi =

 ÂT
i11S

−1
j Âi11 ÂT

i11S
−1
j Ḡi1

ḠT
i1S

−1
j Âi11 ḠT

i1S
−1
j Ḡi1

 ,

Âi11 = Āi11 + B̄i1K̄i.

,��¡, r K̄i �\Ø�ª (9), |^ Schur Ö

Ún, � Ωi <

 γS−1
i 0

0 γQi

, Ïd

V (k + 1) <
[
xT

1 (k) ωT(k)
]

×

 γS−1
i 0

0 γQi

 x1(k)

ω(k)


= γV (k) + γωT(k)Qiω(k). (14)

d (14) ª, ²LS��

V (k) < γkV (0) +
k∑

i=1

γiωT(k − i)Qiω(k − i)

6 γNλ2c1 + λ3d. (15)

5¿�

V (k) = xT
1 (k)S−1

i x1(k)

= xT
1 (k)R1/2(R−1/2S−1

i R−1/2)R1/2x1(k)

> λ1x
T
1 (k)Rx1(k). (16)

(Ü (15) ªÚ (16) ª, �

λ1x
T
1 (k)Rx1(k) < γNλ2c1 + λ3d. (17)

d (10) ªÚ (17) ª� xT
1 (k)Rx1(k) < c2. d½

Â 3 �, XÚ (1) 3��ì (11) �^e��k��
mk..
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e¡y² Ai22 + Bi2Ki2 �ÛÉ, Ù¥ Ki2 =

−P−1
i22Pi21. Ï� Ai22 Bi2

Pi21 Pi22

 I 0

−P−1
i22Pi21 I


=

 Ai22 − Bi2P
−1
i22Pi21 Bi2

0 Pi22


´�ÛÉ�, �� Ai22 + Bi2Ki2 �ÛÉ. Ïd, l
Ñ��2ÂXÚ (1) 3��ì (11) �^e´�K!
ÏJ�.

�½Xe�alÑ��2ÂXÚ:

x1(k + 1) =Aσ(k)11x1(k)

+ Aσ(k)12x2(k) + Bσ(k)1u(k),

0 =Aσ(k)21x1(k) + Aσ(k)22x2(k)

+ Bσ(k)2u(k). (18)

e¡�ÄXÚ (18) ���k��m½¯K.

½n 2 XJ�3~ê γ > 1, ·��êé¡Ý

 Si > 0 ÚÝ
 Yi, é ∀(i, j) ∈ M ×M , ke�Ø
�ª¤á: −γSi SiĀ

T
i11 + Y T

i B̄T
i1

Āi11Si + B̄i1Yi −Sj

 < 0, (19)

λ2

λ1
γNc1 < c2. (20)

KlÑ��2ÂXÚ (18) 3��ì (11) �^e´
�K!ÏJ�, �'u (c1, c2, R,N) ��k��m
½, Ù¥, λ1 = min∀i∈Mλmin(R−1/2S−1

i R−1/2),

λ2 = max∀i∈Mλmax(R−1/2S−1
i R−1/2).

y² - ω(k) = 0, d = 0, aqu½n 1 �y.

5 4 � r = n �, ½n 1 Ú½n 2 Ò��~l
Ñ��XÚ��k��mk.Ú��k��m
½�¿©^�. � m = 1 �, ½n 1 Ú½n 2 Ò�
ü�lÑ2ÂXÚk��mk.Úk��m½
�¿©^�. � r = n � m = 1 �, ½n 1 Ò�©
z [24] ¥�'u�~lÑ�5XÚk��mk.
�(Ø.

��B��ì¦), Ø�ª (10) �±^XeÝ

Ø�ª�y.

é?¿� i ∈ M , �3Iþ ε > 0 Ú µ > 0,

¦�

εI < R1/2SiR
1/2 < I, (21)

0 < Qi < µI, (22)−c2 + µd −
√

γNc1

−
√

γNc1 −ε

 < 0. (23)

Ó�, Ø�ª (20) �±^XeÝ
Ø�ª�y.

é?¿� i ∈ M , �3Iþ ε > 0 Ú µ > 0,

¦�

εI < R1/2SiR
1/2 < µI, (24)

µγNc1 < εc2. (25)

5 5 �½ γ, ^ (21)—(23) ªÚ (24), (25) ª©
OO� (10) ªÚ (20) ª, @o½n 1 Ú½n 2 ¥^
���)5¯KÒ=z��5Ý
Ø�ª��1
5¯K.

4 ê��~

~ 1 � Ä X e l Ñ � � 2 Â X Ú (1), ë
êXe:

A111 =

 1 −2

−0.5 0

 , A112 =

 0

−1

 ,

B11 =

 2

1

 , G11 =

 0 0

−1 −1

 ,

A121 =
[
−0.5 1

]
, A122 = 1,

B12 = −1, G12 =
[
1 0

]
,

A211 =

 0.3 2

−0.5 1

 , A212 =

 1

0

 ,

B21 =

 0.5

−1

 , G21 =

 2 1

1 1

 ,

A221 =
[
1 1

]
, A222 = 1,

B22 = 1, G22 =
[
0 1

]
.

À� P121 = 1, P122 = 1, P221 = 0, P222 = 1. é
u�½� c1 = 1, c2 = 20, R = I , N = 50, d = 2.

- γ = 1, �â½n 1 Ú5 5, XÚ (1) �G��"
��ì�

u1(k) =
[
−1.0084 1.5119 1

]
x(k),

u2(k) =
[
−0.9935 1.4883 0

]
x(k).
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~ 2 �ÄlÑ��2ÂXÚ (18), ëêXe:

A111 =

 2 0.1

−0.5 −1

 , A112 =

 1

0

 ,

B11 =

−2

1

 ,

A121 =
[
1 0

]
, A122 = 1, B12 = −1,

A211 =

−2 −1

1.2 0

 , A212 =

 1

−1

 ,

B21 =

−2

2

 ,

ã 1 ��&Ò

A221 =
[
1 1

]
, A222 = −1, B22 = 1.

À� P121 = 0, P122 = 1, P221 = 0, P222 = −1.

éu�½� c1 = 1, c2 = 10, R = I,N = 15.

- γ = 1.11, �â½n 2 Ú5 5, XÚ (18) �G��
"��ì�

u1(k) =
[
0.7446 0.5605 0

]
x(k),

u2(k) =
[
−0.5879 0.5147 0

]
x(k).

3��&Ò (�ã 1) Úþã��ì�^e, dã 2

´�, G� x1 'u (c1, c2, R,N) k��m½, d
5 3 �, G� x2 �´k��m½�.

ã 2 xT
1 (k)Rx1(k) ��ã

5 ( Ø

�©Äkò2ÂXÚ�k��mk.Úk�
�m½�Vgí2�
lÑ��2ÂXÚ, ,�
�Ñ
�ylÑ��2ÂXÚ´�K!ÏJ�, ¿
�k��mk.Úk��m½�¿©^�. �
©(ØéN´í2��kØ(½5�lÑ��2
ÂXÚ. �Yó�òÌ�8¥3ÑÑ�"���
¡Ðm.
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Abstract

The problem of uniform finite-time stability for a class of discrete-time switched descriptor systems is considered. Firstly, the

concept of finite-time stability for continuous descriptor systems is extended to discrete-time switched descriptor systems. Secondly,

based on the Lyapunov-like function method, and under arbitrary switching signal, sufficient conditions under which discrete-time

switched descriptor systems are regular and causal, uniform finite-time bounded and uniform finite-time stable, are derived. Further-

more, the state feedback controllers are designed to guarantee the discrete-time switched descriptor system uniform finite-time stable.

Finally, some numerical examples show that the results obtained in this paper are effective.

Keywords: discrete-time descriptor systems, switched systems, uniform finite-time stability, state feedback
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