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Abstract In this paper, the problems of robust stability for linear time-varying uncertain

periodic descriptor systems are treated. Based on the results of Lyapunov inequality of linear

time-varying periodic descriptor systems, the definition of robust stability is put forward,

and by using linear matrix inequalities, a necessary and sufficient condition is obtained for

the systems to be robustly stable. Then, the condition that the close-loop system under

state feedback control is robustly stable is considered and a kind of state feedback robust

controllers is presented. Finally, the definition of quadratic stability is introduced, and the

relation between quadratic stability and robust stability of the systems is discussed.

Key words Linear time-varying uncertain periodic descriptor systems, robust stability,

linear matrix inequalities, state feedback robust controllers, quadratic stability

1) b�/O
&B > (20041024), b�/72Z > (202062042) `\
Supported by Science and Technology Foundation of Liaoning Province (20041024), Foundation of Educational

Office of Liaoning Province (202062042);��� 2005-7-6 ;�{��� 2006-2-22

Received July 6, 2005; in revised form February 22, 2006



482 
 _ � � � 32M
1 $�i�QP9I?QP[oO��
E�V�N9DdQPs\UO'�W�fS;XO�Mei�QP�9O>Qs\B;{+'�W�� (�) `+~�OÆUv�&'CO�℄OOmVQP	�5��s\re3WOz{�z%{�|O �)-;4+O�6QPkUU�>Qs\�*O'�W� ()4yo0�6do0�8�o0S!J"�) �"`<'�W� ([�'PM~�?���D>,S) B19'P�uO�!?�di�QPkUO
EK*W�O4+���a Rosenbrock
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2eOiA�	e*�J1s\O9o�_�K��s\U��fdi�QPkUO
Eoj�9eVe�O�Fang
[2] Qo
��'�Ws\Oi�gW�"i�QPkU�^&yHGO*��T�MK
5MNms\i�gWO%℄OhD"<�#;?�>"��;
i�QPO*�9o�Huang

[3] DdK*�
O9�'�W��s\�^&HG/bO|��MK
s\i�gWO7tW2�L_��)O
E�Xie
[4] <�"�


“g�gW ” C�|��#
E
.E'�Ws\g�gWO�VS-W2�)Yh [5] ,& H∞ QPoj5x9Oi�QPkUÆ9b�; Riccati o6OkU�1�
i�QPO&'�6�I Lyapunov oj� 4bgW�
EOW��K1�B�f [6] ^&��y�s\O Lyapunov o6� Riccati o6
Es\Oi�gW�tp/d�kU�?���\s [7] �-HG'S6oj�;
�Y.E'�W���s\Oi�gW��J�;��1�s\O
Eov�Bittati
[8] :)tp
��1�X�s\OgW��Campell

[9] �;
��1�s\|Q|
O�WW2�fH~w [10] 8& Lyapunov 'S6
E
��1�X�s\O7	��#MK
s\7	O7t��W2�Hzd-��W1s\XF�C�4��'�4A�(�;i�gW"EWovO
E��#��f�-�aO
E4��,&HG'S6oj�
E
��X�1�s\Oi�gW�kU�MK
s\i�gWO7t��W2�#�;
�K��s\i�gWO℄OmVEW	O&'oj�h�Qo
g�gW�/i�gW�O�s�MMO9�w�4+�
�81G�
2 lÆjZ�vr#lÆFZTS�R()rl
2.1 ��t�q'0�
��Nm�v.E'�W���X�1�s\

Eẋ(t) = [A(t) + ∆A(t)]x(t) (1)C℄�x(t) ∈ Rn 9s\O℄O�a�A(t) 9:IdEO;pO T X��EHG�E bW1HG�
 rank(E(t)) = q 6 n, ∆A(t) bK*:IdEO'�WHG�
K*�v�6
∆A(t) = D(t)F (t)M(t) (2)�U�D(t) � M(t) b:IdEO;pO T X��EHG�F (t) 9K* Lebeque P/4O'�W4HG�
re

FT(t)F (t) 6 I
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iY�uq 483v� 1. s\ (1) 3b7	O���N9J?�gW�nq9O�v� 2. ��s\ (1) d�WO'�W� ∆A(t) `97	O�?3s\ (1) 9i�gWO�I ∆A(t) = 0 1�s\ (1) b
Eẋ(t) = A(t)x(t) (3)3bs\ (1) O 3s\�

2.2 �k�v� � 1
[10]

. &��X�s\ (3) ;pP;�?s\ (2) 97	O7�W29 Lyapunov'S6
{

AT(t)V (t) + V T(t)A(t) + ETV̇ (t) < 0

ETV (t) = V T(t)E > 0
(4)*;�x��)"[ 1 M�!s\ (1) 9i�gWO�?�v Lyapunov 'S6*;

{

(A(t) + ∆A(t))TV (t) + V T(t)(A(t) + ∆A(t)) + ETV̇ (t) < 0

ETV (t) = V T(t)E > 0
(5) � 2

[7]
. d-��O x ∈ Rn, *
max{(xTMF (t)Nx)2|FT(t)F (t) 6 I} = (xTMMT

x)(xTNTNx)�U�M � N 9K*:IdEO4HG� � 3
[7]

. &HG M, N, P ∈ Rn×n, re M > 0, N > 0 � P < 0, ��d-��Ose|a x ∈ Rn, *
(xTPx)2 − 4(xTMx)(xTNx) > 0?B;1E λ > 0, 5Mv64_

λ2M + λP + N < 0d-"C�6O.E'�W��X�1�s\ (1), *vvOi�gW��Jv� 1. s\ (1) bi�gWO7t��W29B;P}HG V (t) ∈ Rn×n, "1E
ε > 0. rey�HG'S6 (LMI)







EV̇ (t) + AT(t)V (t) + V T(t)A(t) ε−1V T(t)D(t) εMT(t)

ε−1DT(t)V (t) −I 0

εM(t) 0 −I






(6)

ETV (t) = V T(t)E > 0#��6 (6) S--B;P}HG V (t) "1E ε > 0, 5Mv64_
EV̇ + AT(t)V (t) + V T(t)A(t) + ε−2V T(t)D(t)DT(t)V (t) + ε2MT(t)M(t) < 0

ETV (t) = V T(t)E > 0
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 _ � � � 32Mp{� &B;P}HG V (t) "1E ε > 0, re"6�?d-M*7	O'�W�
∆A(t), *

EV̇ (t) + (A(t) + ∆A(t))TV (t) + V T(t)(A(t) + ∆A(t)) =

EV̇ (t) + (A(t) + D(t)F (t)M(t))TV (t) + V T(t)(A(t) + D(t)F (t)M(t)) =

EV̇ (t) + AT(t)V (t) + V T(t)A(t) + MT(t)FT(t)DT(t)V (t) + V T(t)D(t)F (t)M(t) 6

EV̇ (t) + AT(t)V (t) + V T(t)A(t) + ε−2V T(t)D(t)DT(t)V (t) + ε2MT(t)M(t)-9�)"[ 1, M
{

(A(t) + ∆A(t))TV (t) + V T(t)(A(t) + ∆A(t)) + ETV̇ (t) < 0

ETV (t) = V T(t)E > 0?s\ (1) 9i�gWO�m�� &s\ (1) 9i�gWO�?d-M*7	O'�W� ∆A(t), B;P}HG
V (t) re (5), $

EV̇ (t) + AT(t)V (t) + V T(t)A(t) + MT(t)FT(t)DT(t)V (t) + V T(t)D(t)F (t)M(t) < 0g P = EV̇ + AT(t)V (t) + V T(t)A(t), ?d-��Ose|a x ∈ Rn, PM
x

TPx < −2x
TV T(t)D(t)F (t)M(t)x?

x
TPx < −2 max{xTV T(t)D(t)F (t)M(t)x|FT(t)F (t) 6 I} 6 0-9

(xTPx)2 > 4 max{(xTV T(t)D(t)F (t)M(t)x)2|FT(t)F (t) 6 I})"[ 2

(xTPx)2 > 4(xTV T(t)D(t)DT(t)V (t)x)(xTMT(t)M(t)x))"[ 3, B;1E λ > 0, 5M
MT(t)M(t) + λP + λ2V T(t)D(t)DT(t)V (t) < 0d"6`
[=� λ, 
g λ = ε−2, M

EV̇ (t) + AT(t)V (t) + V T(t)A(t) + ε−2V T(t)D(t)DT(t)V (t) + ε2MT(t)M(t) < 0:) Schur &"[�$M6 (6). �

2.3 �k"vzy;�vi�gW�tpO�>"�vv5��)Qo�K��s\97	O℄OmVi�EWQP	O&'oj�Nm�v'�W��X�1�s\
Eẋ(t) = [A(t) + ∆A(t)]x(t) + [B(t) + ∆B(t)]u(t) (7)
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�(�YZ�3�u^Qk
iY�uq 485�U�∆A(t), ∆B(t) bK*:IdEO'�WHG�
K*�v�6
[∆A(t) ∆B(t)] = D(t)F (t)[M1(t) M2(t)]C℄�HG D(t), M1(t), M2(t) � F (t) O��["MC�
 FT(t)F (t) 6 I.I ∆A(t) = 0, ∆B(t) = 0 1�s\ (8) 4b

Eẋ(t) = A(t)x(t) + B(t)u(t) (8)3s\ (9) b 3s\�Nm℄OmV
u(t) = K(t)x(t) (9)?N/s\ (9) �4O��s\b

Eẋ(t) = [Ac(t) + ∆Ac(t)]x(t) (10)�U�Ac(t) = A(t) + B(t)K(t), ∆Ac(t) = ∆A(t) + ∆B(t)K(t).d-s\ (8), &'��℄OmV (9), 5��s\ (10) 9i�gWO�z%OQP	3bi�EW	�vv�;℄OmVi�EW	O&'oj�v� 2. ��B;P}HG V (t) ∈ Rn×n "1E ε > 0, rey�HG'S6 (b��o��C℄.n1.�a�H�HG�91�O)







V TEV̇ −1V + AV + V TAT − B(I + ε2MT
2 M2)

−1BT
√

2ε−1D εV TMT
1√

2ε−1DT −I 0

εM1V 0 −I






< 0 (11)?B;mVQP	 (9) 5��s\9i�gWO�!"CW24_�?M�O��℄OmVi�EW	b

K(t) = −(I + ε2MT
2 (t)M2(t))

−1BT(t)V −1(t) (12)#��,&B;P}HG V (t) "1E ε > 0, re6 (11), 
 K(t) )6 (12) �;�*
Y (t) =







V −1(t) 0 0

0 I 0

0 0 I





d6 (11) t"j5HG Y T(t) �+5HG Y (t), 
g x(t) = V −1(t), M






EẊ + ATX + XTA − XTB(I + ε2MT
2 M2)

−1BTX
√

2ε−1XTD εMT
1√

2ε−1DTX −I 0

εM1 0 −I






< 0

(13)

ETX = XTE > 0g
Q̂ =EẊ(t) + AT(t)X(t) + XT(t)A(t) + 2ε−2XT(t)D(t)DT(t)X(t) + ε2MT

1 (t)M1(t)−
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XT(t)B(t)(I + ε2MT

2 (t)M2(t))
−1BTX(t) < 0 (14),)-

∆Ac(t) = ∆A(t) + ∆B(t)K(t) = [D(t) D(t)]

[

F (t) 0

0 F (t)

] [

M1(t)

M2(t)K(t)

]

= D̄(t)F̄ (t)M̄(t)�U�D̄(t) = [D(t) D(t)], F̄ (t) =

[

F (t) 0

0 F (t)

]

, M̄(t) =

[

M1(t)

M2(t)K(t)

]

. !b FTF (t) 6 I,?* F̄T(t)F̄ (t) 6 I, -9
Q =EẊ(t) + AT

c (t)X(t) + XT(t)Ac(t) + ε−2XT(t)D̄(t)D̄T(t)X(t) + ε2M̄T(t)M̄ (t) =

EẊ(t) + AT(t)X(t) + XT(t)A(t) + KT(t)BT(t)X(t) + XT(t)B(t)K(t)+

2ε−2XT(t)D(t)DT(t)X(t) + ε2MT
1 (t)M1(t) + ε2KT(t)MT

2 (t)M2(t)K(t) (15)5 K(t) O!C6F��I[M
Q + KT(t)K(t) = Q̂)6 (14) "6 (15) M�Q < 0, $

EẊ(t) + AT
c (t)X(t) + XT(t)Ac(t) + ε−2XT(t)D̄(t)D̄T(t)X(t) + ε2M̄T(t)M̄(t) < 0:) Schur &"[�M







EẊ(t) + AT
c (t)X(t) + XT(t)Ac(t) ε−1XT(t)D̄(T ) εM̄T(t)

ε−1D̄T(t)X(t) −I 0

εM̄(t) 0 −I






< 0)W[ 1 M���s\ (10) 9i�gWO� �

2.4 xs�v�vv�mt5=$'�W��X�1�s\Og�gW�|��#Qog�gW�/i�gW�O�s�d-s\ (1), �'�W� ∆A(t) K*6 (2) O9����v�� Lyapunov �E
V (t) = x

TETV (t)x (16)�U�V (t) ∈ Rn×n, "6d t �J�M
V̇ (t) = x

T{EV̇ (t) + [A(t) + ∆A(t)]TV (t) + V T(t)[A(t) + ∆A(t)]}x (17)v� 3. d-s\ (1), !B;HG V (t) ∈ Rn×n �JWHG W (t) ∈ Rn×n, 5Ms\
(1) re

{

ETV̇ (t) + (A(t) + ∆A(t))TV (t) + V T(t)(A(t) + ∆A(t)) 6 −W (t)

ETV (t) = V T(t)E > 0
(18)?3s\ (1) 9g�gWO�



4 � I�xT�
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iY�uq 487v� 3. d-s\ (1), �'�W� ∆A(t) K*6 (2) O9��?s\ (1) g�gWO7t��W29ys\bi�gWO�#��m�� )W� 3 PM�!s\ (1) g�gW�?B;HG V (t) ∈ Rn×n �JWHG W (t) ∈ Rn×n, 56 (18) 4_�M
EV̇ (t) + [A(t) + ∆A(t)]TV (t) + V T(t)[A(t) + ∆A(t)] 6 −W (t) < 0$s\9i�gWO�p{� &s\ (1) 9i�gWO�)W[ 1, B;P}HG V (t), re�v'S6

EV̇ (t) + AT(t)V (t) + V T(t)A(t) + V T(t)D(t)DT(t)V (t) + MT(t)M(t) < 0

ETV (t) = V T(t)E > 0 (19))-
EV̇ (t) + (A(t) + ∆A(t))TV (t) + V T(t)(A(t) + ∆A(t)) =

EV̇ (t) + (A(t) + D(t)F (t)M(t))TV (t) + V T(t)(A(t) + D(t)F (t)M(t)) =

EV̇ (t) + AT(t)V (t) + V T(t)A(t) + MT(t)FT(t)DT(t)V (t) + V T(t)D(t)F (t)M(t) 6

EV̇ (t) + ATV (t) + V T(t)A(t) + V T(t)D(t)DT(t)V (t) + MT(t)M(t)g W (t) = −(EV̇ (t) + AT(t)V (t) + V T(t)A(t) + V T(t)D(t)DT(t)V (t) + MT(t)M(t)).)6 (19) M W (t) > 0, -9*
{

ETV̇ (t) + (A(t) + ∆A(t))TV (t) + V T(t)(A(t) + ∆A(t)) 6 −W (t)

ETV (t) = V T(t)E > 04_�?s\ (1) 9g�gWO� �

2.5 
$��� ;s\ (1) U��X� T = 10, 
I 1 6 t 6 11 1��sEHGO!C6�v
E =

[

1 0

0 0

]

, A(t) =

[−t 0

0 t

]

, B(t) =

[−t

t

]

, D(t) =

[

0.1t

−0.5t

]

, M1(t) = [−0.05t 0.1t], M2(t) = 0.1t� ε = 1, 'KM
V (t) =

[

et 0

0 −t

]rey�HG'S6 (12), MQP	� 
K(t) =

1

1 + 0.01t2
[te−t 1]5M��s\9i�gWO�

3 :D1�f^&HG'S6oj
E
��'�WX�1�s\i�gWO7t��W2�#�;
�f℄OmVi�gW	O&'oj�MKO9�9��W1s\z%9o|��1�s\Oa�_��K*W�O[o���
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