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Robust decentralized H-infinity control of uncertain multi-channel
descriptor systems
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Abstract: The robust decentralized H-infinity dynamic output feedback control problem for multi-channel descriptor
systems is addressed in this paper. The uncertainties are assumed to be time-invariant, norm-bounded, and existing in
both the system and control input matrices. Firstly, a necessary and sufficient condition for an uncertain multi-channel
descriptor system to be robustly stabilizable with a specified disturbance attenuation level is derived in terms of a strict
nonlinear matrix inequality (NMI). A two-stage homotopy method is then employed to solve the NMI iteratively. The
decentralized H-infinity controller for the nominal descriptor system is computed by gradually imposing block-diagonal
constraints on the coefficient matrices of the controller. Then, the decentralized controller is gradually modified to cope
with the uncertainties. On each stage, groups of variables are alternately fixed at the iterations to reduce the NMI to linear
matrix inequalities (LMIs). Finally, a given example shows the efficiency of this method.
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1 ÚÚÚóóó (Introduction)
duÛÉXÚ2�/A^u�«¢Só§¥,Ï

d, ÛÉXÚ���®²��<�2��'5[1,2].
ÛÉXÚq¡�2ÂXÚ,2ÂG��mXÚ,�©
�êXÚ�. éÛÉXÚ?18¥��Ú©Ñ��
�ïÄþ®��
Nõ¤J.38¥��¥, Masub-
uchi�A^LMI�{, �Ñ
ÛÉXÚ½ÚH∞�
�ì�3^�[3]. �du¤���LMI^�¥, �
¹���ª�å, ��
¦)�(J. �
�Ñù
�(J, UezatoÚIkedaJÑ
ÛÉXÚ½!	½

ÚH∞���î�LMI^�[4].
3©Ñ��¥, Wang ÚSoh ^©ÑÑÑ�"ï

Ä
óÀ��Ø¯K, ¿�Ñ
��óÀ��Ø
�¿©7�^�[5]. ChangÚDavisonïÄ
©Ñ
½zÚpÑ¯K,ÏLrÛÉXÚ=�¤�dýG
��m�.�E
�«�O©Ñ��ì��{[6].
Ikeda�ïÄ
'éÛÉXÚ�©Ñ½z��ì
�8¥�O�{[7]. ò'éÛÉXÚ�©Ñ��¯
K8(��«V�5Ý
Ø�ªk)�¯K,¿J
Ñ
�«ÄuÓÔ{¦)dV�5Ý
Ø�ª��

ÂvFÏ: 2005−08−08;Â?UvFÏ: 2006−04−18.
Ä7�8: I[g,�ÆÄ7:]Ï�8(60634020); ¥IÆ¬��ÆÄ7]Ï�8(20060390883); p�Æ¬:;��ïÄ7]Ï

�8(20050533028).
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O�{.
�C,»t�Úq�A^LMI�{ïÄ
Ø(½

ÛÉ�XÚ�©Ñ°�	½��¯K,XÚ¥Ø(
½�äkê�.,�Ø÷v��^�,��
�3©
Ñ°���ì�3�¿©^�[8].
�©�éØ(½5õÏ�ÛÉXÚ,ïÄÙ©Ñ

°�H∞Ä�ÑÑ�"��ì��O¯K.b½Ø(
½5´�ØC!�êk., ��3uXÚÚ��Ñ
\Ý
¥. �âî���5Ý
Ø�ª^�, í�
Ñ
¦Ø(½õÏ�ÛÉXÚU°�	½, �÷v
�½�H∞5U�I�¿©7�^�.æ^üÚÓÔ
{[9,10]S�5¦)T��5Ý
Ø�ª. Äk,ÏL
ÅÚé��ì�XêÝ
\þ(���,O�Ñ�
(½5Ø�3��I¡XÚ�©ÑH∞��ì. ,
�, ÅÚUCI¡XÚ©Ñ��ì�Xê, O�Ñ
Ø(½5ëê�3��©Ñ°���ì. 3z��
ã,z�gS�L§¥,ÏL�O�½NMI���C
þ,¦NMI=C�LMI.�ý(JL²
d�{�k
�5.

2 ¯̄̄KKK���£££ããã (Problem description)
�ÄäkN�Ï��Ø(½5ÛÉXÚ




Eẋ = (A + δA)x + B1w +
N∑

i=1

(B2i + δB2i)ui,

z = C1x, yi = C2ix, i = 1, 2, · · · , N.

(1)

Ù¥: x ∈ Rn´£ãCþ(descriptor variable), w ∈
Rq´6ÄÑ\, z ∈ Rp´��ÑÑ, ui ∈ RmiÚyi ∈
Rli©O´1i(i = 1, 2, · · · , N)Ï����Ñ\Ú
ÿþÑÑ; Ý
EÚAþ��
, E�U´ÛÉ�,
�rank E = r 6 n; Ý
B1, B2i, C1ÚC2i´äkÜ

·�ê�~êÝ
,�δAÚδB2i©OL«XÚÚ�

�Ñ\Ý
¥�Ø(½5. b½Ø(½5÷v

[δA δB21 · · · δB2N ] = L∆[F1 F21 · · ·F2N ]. (2)

Ù¥L,F1, F21, · · · , F2N�®�~êÝ
, �∆´�

�~êÝ
,�÷v

∆T∆ 6 I. (3)

555 1 XÚ(1)¥)övk�ÄlwÚu�zÚy���

=�Ý
. �â©z[3],¹klwÚu�zÚy���=�Ý


�ÛÉXÚÏLO2£ãCþ, ��XÚ(1)�/ª. Ï

d,XÚ(1)´ÛÉXÚ��«��L�/ª.

Ú\©ÑÑÑ�"��ì{
x̂i = Âix̂i + B̂iyi

ui = Ĉix̂i + D̂iyi

, i = 1, 2, · · · , N. (4)

Ù¥: x̂i ∈ Rbni´1i�ÛÜ��ì�G�,�n̂iäk

,��½��ê; Âi, B̂i, Ĉi, D̂i, i = 1, 2, · · · , N´

I�(½�~êÝ
.
�
��4�XÚ�L«/ª, ½ÂXeX

Ú(1)¥�XêÝ




B2 = [B21 B22 · · ·B2N ],
C2 = [CT

21 CT
22 · · · CT

2N ]T,

δB2 = [δB21 δB22 · · · δB2N ],
F2 = [F21 F22 · · ·F2N ],

(5)

¿½Â��ì(4)�G�ÚXêÝ


x̂ = [x̂T
1 x̂T

2 · · · x̂T
N ]T,




ÂD = diag(Â1, Â2, · · · , ÂN),

B̂D = diag(B̂1, B̂2, · · · , B̂N),

ĈD = diag(Ĉ1, Ĉ2, · · · , ĈN),

D̂D = diag(D̂1, D̂2, · · · , D̂N),

(6)

GD =

[
ÂD B̂D

ĈD D̂D

]
, (7)

¿Ú\Xe£ã:

x̃ =
[
xT x̂T

]T
,

Ẽ =

[
E 0n×bn

0bn×n Ibn

]
, Ã =

[
A 0n×bn

0bn×n 0bn×bn

]
,

B̃1 =

[
B1

0bn×q

]
, B̃2 =

[
0n×bn B2

Ibn 0bn×m

]
,

C̃1 = [C1 0p×bn] , C̃2 =

[
0n×bn Ibn
C2 0l×bn

]
,

δÃ =

[
δA 0n×bn

0bn×n 0bn×bn

]
, δB̃2 =

[
0n×bn δB2

0bn×bn 0bn×m

]
,

L̃ =

[
L

0

]
, F̃1 = [F1 0], F̃2 = [0 F2].

(8)

Ù¥: n̂ =
N∑

i=1

n̂i, m =
N∑

i=1

mi, l =
N∑

i=1

li,Ïd4�X

Ú���



Ẽ ˙̃x=[Ã+δÃ+(B̃2+δB̃2)GDC̃2]x̃+B̃1w=

[Ã+L̃∆F̃1+(B̃2+L̃∆F̃2)GDC̃2]x̃+B̃1w,

z = C̃1x̃.

(9)

©Ñ°�H∞ ��¯K:�éØ(½õÏ�ÛÉ
XÚ(1),�½γ > 0,�O��äkª(4)/ª�©Ñ
ÑÑ�"��ì,¦4�XÚ½,�÷vl6ÄÑ
\w���ÑÑz�4�D4¼ê�H∞�ê�uγ.
ùp��ÛÉXÚ½´�TXÚ�K,�=�

3P~�ê�Ú·��[4].



324 � � n Ø � A ^ 1 24ò

3 ©©©ÑÑÑ°°°���H∞ ������ììì���333���^̂̂��� (Exis-
tence condition for robust decentralized H∞
conroller)
�
¦)©Ñ��¯K, ÄkÚ\eãÚn.

-V, U ∈ Rn×(n−r)��÷��Ý
, �©O�
¹EÚET�"Ä.. òE ©)�E = ELET

R , Ù¥
ELÚERþ��÷�.
ÚÚÚnnn 1[4] �ÄXe�5ÛÉXÚ{

Eẋ = Ax + Bw,

z = Cx.
(10)

Ù¥: x ∈ Rn´£ãCþ, w ∈ Rr´Ñ\, z ∈ Rp´

ÑÑ,�E, A,B, C´äkÜ·�ê�~êÝ
. K
é?¿�½�~êγ > 0,XÚ(10)´½��÷v

‖C(sE −A)−1B‖∞ < γ (11)

�¿�^�´�3��é¡Ý
PÚ?¿Ý
S÷

vXeLMIs:[
φ11 φT

21

φ21−γ2I

]
< 0, ET

LPEL > 0. (12)

Ù¥µ

φ11=(PE+USV T)TA+AT(PE+USV T)+CTC,

φ21=BT(PE + USV T).

ÚÚÚnnn 2[11] �Ξ, EÚF´äkÜ·�ê�Ý
,
�Ξ´é¡�,é¤k∆÷v∆T∆ 6 I . @o

Ξ + E∆F + FT∆TET < 0, (13)

��=��3Iþε > 0,¦�eª¤á,=

Ξ + εEET + ε−1FTF < 0. (14)

�â±þü�Ún,·��±��Xe©ÑH∞
°���ì��3�¿�^�.
½½½nnn 1 �½��~êγ > 0, Ø(½5XÚ

(1)3äkn̂i��©Ñ��ì(4)�^e, ´°�
½��äkH∞5U�Iγ�¿�^�´: �3
��äkª(7) /ª�Ý
GD, ���½Ý

P̃ ∈ R(n+bn)×(n+bn), Ý
S̃ ∈ R(n−r)×(n−r)Ú��

~êε > 0,÷v��5Ý
Ø�ª



J(GD, P̃ , S̃, ε)=

[
φ̃10+φ̃u φ̃T

21

φ̃21 −γ2I

]
<0,

ẼT
L P̃ ẼL > 0.

(15)

Ù¥:

φ̃10 = (P̃ Ẽ + Ũ S̃Ṽ T)T(Ã + B̃2GDC̃2) +

(Ã + B̃2GDC̃2)T(P̃ Ẽ + Ũ S̃Ṽ T) + C̃T
1 C̃1,

φ̃u = ε(P̃ Ẽ + Ũ S̃Ṽ T)L̃L̃T(P̃ Ẽ + Ũ S̃Ṽ T)T+

ε−1(F̃1 + F̃2GDC̃2)T(F̃1 + F̃2GDC̃2),

φ̃21 = B̃T
1 (P̃ Ẽ + Ũ S̃Ṽ T),

Ṽ =

[
V

0

]
, Ũ =

[
U

0

]
, ẼL =

[
EL 0
0 Ibn

]
. (16)

yyy �âÚn1,dØ(½õÏ�ÛÉXÚ(1)Ú
©ÑÑÑ�"��ì(4)�¤�4�XÚ(9)´°�
½��äkH∞5U�Iγ �¿�^�´: �3
��äkª(7)/ª�Ý
GD, ���½Ý
P̃ , Ý

S̃Ú��~êε > 0,÷v[
φ̃10 φ̃T

21

φ̃21−γ2I

]
+

[
(P̃ Ẽ+Ũ S̃Ṽ T)L̃

0

]
∆

[
F̃1+F̃2GDC̃2

0

]T

+

{
[

(P̃ Ẽ+Ũ S̃Ṽ T)L̃
0

]
∆

[
(F̃1+F̃2GDC̃2)

0

]T

}T <0,

ẼT
L P̃ ẼL > 0. (17)

�âÚn2, Ø�ª(17)¤á�¿�^�´µé?
¿∆÷vª(3), ��=��3��Ý
GD, ���
½Ý
P̃ ,Ý
S̃Ú��~êε > 0,Ø�ª(15)¤á.
y..
555 2 �8c��, )ö®²�Ä
XÚÝ
AÚ�

�Ñ\Ý
B2¥�Ø(½5. Ó��U?nXÚ(1)�é
ó/ª, =Ø(½5�3uXÚÝ
AÚÿþÝ
C2¥�

�/.

Eẋ = (A + δA)x + B1w +
NP

i=1
B2iui,

z = C1x,

yi = (C2i + δC2i)x, i = 1, 2, · · · , N, (18)

[δA δC21 · · · δC2N ]T =[L1 L21 · · · L2N ]T∆F. (19)

Ù¥L1, L21, · · · , L2N , F�®�~êÝ
.

4 ¦¦¦)))���{{{ (Computation algorithm)
©Ñ°�H∞ ��ì��3^�(15)´��'u

CþGD,P̃ ,S̃Úε�NMI.�
¦)ù�¯K,æ^Ó
Ô{. Äk, òª(15)��>Ü©J(GD, P̃ , S̃, ε) ©
)¤ü�Ü©: �Ü©�J0(GD, P̃ , S̃),dI¡XÚ
�XêÝ
|¤,,�Ü©Ju(GD, P̃ , S̃, ε),d6Ä
�|¤,=

J(GD, P̃ , S̃, ε)=J0(GD, P̃ , S̃)+Ju(GD, P̃ , S̃, ε).(20)

Ù¥:

J0(GD, P̃ , S̃) =

[
φ̃10 φ̃T

21

φ̃21−γ2I

]
, (21)

Ju(GD, P̃ , S̃, ε) =

[
φ̃u 0
0 0

]
. (22)

e¡�Ñæ^üÚÓÔ{¦)NMI(15)�S�
�{. Äk�ÄI¡XÚ�©ÑH∞��ì�¦)
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�{. 3ù«�/e,duØ�3Ø(½5�, NMI
(15)C���BMIJ0(GD, P̃ , S̃) < 0, ẼT

L P̃ ẼL > 0.
�
¦)ù�¯K, �Ú\��l0�1Cz�¢
êλ,½ÂXeÓÔ¼ê

H0(GD, P̃ , S̃, λ)=J0((1−λ)GF +λGD, P̃ , S̃). (23)

Ù¥

GF =

[
AF BF

CF DF

]
. (24)

Ù¥AF , BF , CF , DF�?¿÷v6ÄY²γ ��©

Ñ��ìäk�Ó�ê�8¥H∞��ì�XêÝ

. dª(23)½Â�Ý
¼êH0(GD, P̃ , S̃, λ) �¹

��38¥��ìþÅì\þ¬é��å�©Ñ

��ì. é²w,

H0(GD, P̃ , S̃, λ)=

{
J0(GF , P̃ , S̃), λ = 0,

J0(GD, P̃ , S̃), λ = 1.
(25)

ÏéNMI (15)��1)�¯KÒC�¦)Xe�x
ëêz¯K:

H0(GD, P̃ , S̃, λ)<0, ẼT
L P̃ ẼL >0, λ∈ [0, 1]. (26)

Äk¦)�λ = 0�,ª(26)�),=��¦)©
ÑH∞ ��ì¤I�Ð©^�, 8¥H∞ ��ì�
). �Kþ?¿�¦)8¥H∞ ��ì��{þ�
±¦^. ù�)öïÆ¦^©[4]¥JÑ�ÛÉX
ÚH∞ ��ì�¦)�{. k^ÛÉ��ªO�8
¥H∞��ì,,�òÙ=�¤G��§�/ª. ^
G��mL«�8¥��ì��ê´r.
XJ©Ñ��ì(4)��ên̂�ur, �±A

^ÓÔ{5¦)��ì[12]. =±lÑ�ª¦λl0O
��1, ¿3z��λ�þ, ÏL�½GD½(P̃ , S̃)5
O��15¯K(26)�). d�, Ý
¼êH0(GD,

P̃ , S̃, λ) C�LMI. e¼�λ = 1�15¯K(26)�
),=�I¡XÚ�©ÑH∞��ì.
XJ©Ñ��ì(4)��ên̂�ur, �±¦^Ý


O2Eâ5¼��$�ê�©Ñ��ì. é©Ñ
��ìGD ?1O2

ĜD =




ÂD 0bn×(r−bn) B̂D

∗ −Ir−bn ∗∗
ĈD 0m×(r−bn) D̂D


 . (27)

Ù¥ÎÒ∗, ∗∗ �L?¿äkÜ·�ê�fÝ
,
�ÂD, B̂D, ĈD, D̂D Xª(6)½Â. 5¿�XJÄÑ
ª(27)¥���Ü©Ú�*Ü©�{, dª(27)½
Â�r���ìĜD �dud(7) ª½Â�n̂���

ìGD. Ïd,^ĜD O�Ý
¼ê(23)¥�GD,�^

ÓÔ{¦)�15¯K(26).
XJ©Ñ��ì(4)��ên̂�ur, �±é8¥

��ìGF?1O2

ĜF =




AF 0bn×(bn−r) BF

∗ −Ibn−r ∗∗
CF 0m×(bn−r) DF


 . (28)

Ù¥AF ,BF ,CF ÚDFdª(24)½Â. 5¿�XJÄ
Ñª(28)¥���Ü©Ú�*Ü©�{,dª(28)½
Â�n̂���ìĜF �dudª(7)½Â�r���

ìGF . ù�, ^GF�OÝ
¼ê(23)¥�ĜF , �^
ÓÔ{¦)�15¯K(26).
555 3 3�©¥,)ö�Ä
äk(½�ê�ÛÜ�

�ì��O�{. �k��ÛÜ��ì��ê�Ú�u�

�ÛÉ�XÚ��ê�,¿Ø�½¦��ÛÉXÚ½. �

d,©ü«�¹?Ø: bn > rÚbn 6 r. ¢Sþ,�¦^p��

ÛÜ��ì�,k�U¼��Ð�5U�I.

555 4 �{Bå�,ª(27) bGD�(2, 2)¬Úª(28) bGF�

(2, 2)¬þ��½�−I , ���½�?¿½�Ý
Ú

Cþ.

b½®²��311ÚÓÔ{¥ª(26)�λ =

1��)(GD, P̃ , S̃), ¿r§L«�(ĜD0,
̂̃
P 0,

̂̃
S0).

�Ò´`, ®²��
Ø¹Ø(½5ÛÉXÚ�
©ÑH∞��¯K���).
e¡?112Ú,)ö�Ä¹kØ(½5�õÏ

�ÛÉXÚ(1). �
O�NMI(15)�),2g¦^Ó
Ô�{,Ú\��¢êλ̃ ∈ [0, 1],¿½ÂÝ
¼ê

H1(GD, P̃ , S̃, ε, λ̃) =

J0(GD, P̃ , S̃) + λ̃Ju(GD, P̃ , S̃, ε). (29)

Ïd

H1(GD, P̃ , S̃, ε, λ̃)=

{
J0(GD, P̃ , S̃), λ̃=0,

J(GD, P̃ , S̃, ε), λ̃=1.
(30)

¦)NMI(15)�¯K�=z��xëêz�¯K:

H1(GD, P̃ , S̃, ε, λ̃)<0, ẼT
L P̃ ẼL >0, λ̃∈ [0, 1]. (31)

5¿��λ̃=0�,Ý
Ø�ª(31)�)(ĜD0,
̂̃
P0,

̂̃
S0)

®²311�ã¼�.

�
¼�Ý
Ø�ª(31)�),Äkæ^SchurÖ
é(31)?1C�.�ÄXeü��dÝ
Ø�ª:

H11(GD, P̃ , S̃, ε, λ̃) =


φ̃10+φu1 φ̃T
21 (F̃1+F̃2GDC̃2)T

φ̃21 −γ2I 0
F̃1+F̃2GDC̃2 0 −ελ̃−1I


<0, (32)
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ẼT
L P̃ ẼL > 0,

φu1 =ελ̃(P̃ Ẽ+Ũ S̃Ṽ T)L̃L̃T(P̃ Ẽ+Ũ S̃Ṽ T)T,

Ú

H12(GD, P̃ , S̃, ε−1, λ̃) =


φ̃10+φu2 φ̃T
21 (P̃ Ẽ+Ũ S̃Ṽ T)L̃

φ̃21 −γ2I 0
L̃T(P̃ Ẽ+Ũ S̃Ṽ T)T 0 −ε−1λ̃−1I


<0,

ẼT
L P̃ ẼL > 0,

φu2 =ε−1λ̃(F̃1+F̃2GDC̃2)T(F̃1+F̃2GDC̃2). (33)

5¿�e�½P̃ÚS̃, KH11(GD, P̃ , S̃, ε, λ̃) < 0 C
�'uCþGDÚε�LMI. ,��¡, e�½GD,
KH12(GD, P̃ , S̃, ε−1, λ̃) < 0 C�'uCþP̃ , S̃

Úε−1 �LMI. �©312ÚÓÔ{¥¦^
ù�
A5.
æ^lÑz��{[13], -M ��?¿�

ê, �Ä3«m[0, 1]S�(M + 1)�:λ̃k/M(k =
0, 1, · · · ,M),l�)�x¯K

H1(GD, P̃ , S̃, ε, λ̃k) < 0, ẼT
L P̃ ẼL > 0. (34)

XJT¯K31k�:þk), òÙL«�(GDk,

P̃k, S̃k). ÏL©O�½CþP̃ = P̃k, S̃ = S̃k ½GD =
GDk�±¦H11(GD, P̃ , S̃, ε, λ̃k+1) < 0½H12(GD,

P̃ , S̃, ε−1, λ̃k+1) < 0, ẼT
L P̃ ẼL > 0 C�LMI, O

�§��)(GD,k+1, P̃k+1, S̃k+1). eù�x¯K
H1(GD, P̃ , S̃, ε, λ̃k) < 0,ẼT

L P̃ ẼL > 0, k = 1, 2, · · · ,

Mþk), KÒ��NMI(15)3k = M(λ̃ = 1)��
). eù�x¯KÃ),=H11(GD, P̃k, S̃k, ε, λ̃k+1)<
0ÚH12(GDk, P̃ , S̃, ε−1, λ̃k+1)<0, ẼT

L P̃ ẼL >031
k:Ã)�3, òO�M , �Ä«m[λ̃k, 1]S�õ�
:,lλ̃ = λ̃k?�)(GDk, P̃k)m©,EþãL§.
�âþãg�,�©�ÑO�°�©ÑH∞ ��

ì��{.
Step 1 Ð©zM�����ê, �½M�þ�

�Mmax. -k := 0, �1��ã�)��Ð©�:

P̃k = ̂̃
P 0, S̃k = ̂̃

S0ÚGDk = GD0.
Step 2 -k := k+1Úλ̃k = k/M ,O�Ý
Ø�

ªH11(GD, P̃k−1, S̃k−1, ε, λ̃k) < 0, ẼT
L P̃k−1ẼL > 0

�)(GD, ε), eTÝ
Ø�ªÃ), =�Step 3. Ä
K,-GDk = GD,¿O�H12(GDk, P̃ , S̃, ε−1, λ̃k) <

0,ẼT
L P̃ ẼL > 0�)(P̃ , S̃, ε−1). ,�, -P̃k = P̃ ,

S̃k = S̃,=�Step 5.
Step 3 O�Ý
Ø�ªH12(GD,k−1, P̃ , S̃, ε−1,

λ̃k) < 0, ẼT
L P̃ ẼL > 0 �)(P̃ , ε−1). eTÝ
Ø

�ªÃ), =�Step 4. ÄK, -P̃k = P̃ , S̃k = S̃,

¿O�H11(GD, P̃k, S̃k, ε, λ̃k) < 0, ẼT
L P̃kẼL > 0�

)(GD, ε). ,�,-GDk = GD,=�Step 5.
Step 4 -M := 2M ,eM 6 Mmax,-P̃2(k−1) =

P̃k−1,S̃2(k−1) = S̃k−1, GD,2(k−1) = GD,k−1, k :=
2(k − 1)=�Step 2. ÄK,T�{ØÂñ.

Step 5 ek < M ,K=�Step 2. ek = M ,¤�
�)(GDM , P̃M , S̃M , ε)¦NMI (15)���).
555 5 3Step 2, Step 3¥,)ö@�ÏL©O�½Ý


Ø�ª(32)½(33)¥��½ü�Cþ5¦)ü�LMI.¦+

3nØþ��Ø7¦)12�LMI, �´�â)ö�²�,

ù���±Jp�{�Âñ5.

555 6 3Step 4¥,��±-M := 2M , k := 0,,�=

�Step 2. ù¿�X·�l"m©À^ØÓ�ÓÔ{´»5

O�.

5 ���~~~ (Example)
3ù�Ü©,�©�Ñ��~f5`²¤J�{

�k�5. �äkü�Ï��Ø(½5ÛÉ�mX
Ú(1),ÙI¡XÚ�XêÝ
�

E =




1 1 0 0
1−1 1 0
2 0 1 0
0 0 0 1


 , A =




0 0.6 −1 0
−3 0 0.8 0

0 0 1.5−1
−1 1 0 0


 ,

B1 = [1 0 0 1]T, B21 = [1 0 1 0]T, B22 = [0 1 0 1]T,

C1 = [1 0 0 1], C21 = [−2 3 − 2 1],

C22 = [2 − 1 1 0].

Ø(½5Ý
�

L=[−0.2 0.3 0.1 0.3]T, F1 =[0.5 0.1 0.6 − 0.2],

F2 =[−0.6 0.5].

Äk,�Är > n̂��/. -γ = 8.5,¿�O�¹
ü�ÛÜ��ì�©ÑH∞��ì,§���ê©O
�n̂1 = 1Ún̂2 = 1. é²w,ü�ÛÜ©Ñ��ì�
�ê�Ún̂ = n̂1 + n̂2 = 2�u����XÚ��
êr = 3.
�
O�11ÚÓÔ{�Ð©�,¦^©[4]¥�

OÛÉXÚ8¥H∞��ì��{,��Xe8¥�
�ì�XêÝ


GF =




−1.97 0.99 −0.20 −0.09 0.33
2.69 −4.34 −1.18 1.07 0.12
1.47 −0.66 −1.32 −0.04 0.54

−0.27 −1.12 −0.17 0.24 −0.20
0.75 0.53 −0.65 −0.82 0.69




.

^GF�OĜD,O�H0(GD, P̃ , S̃, λ)<0, ẼT
L P̃ ẼL>

0��1),��Cþ(P̃ , S̃)Ð©�
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P̃0 =


16.79 2.12 0.37 −3.53 −1.69 −6.04 2.03
2.12 6.36 10.63 −3.42 2.20 −0.83 −0.84
0.37 10.63 −6.05 6.48 −0.76 3.48 −0.41

−3.53 −3.42 6.48 14.39 2.00 2.91 −7.25
−1.69 2.20 −0.76 2.00 21.59 5.18 1.33
−6.04 −0.83 3.48 2.91 5.18 6.67 −2.55

2.03 −0.84 −0.41 −7.25 1.33 −2.55 20.14




,

S̃0 = −6.18.

éI¡ÛÉXÚ, �O�¹ü�ÛÜ��ì�
©ÑH∞ ��ì(4), ü�ÛÜ��ì��ê©O
�n̂1 = 1Ún̂2 = 1. Äuª(27)éÝ
GD?1O2,
��#��ìÝ
ĜD. |^©[12]��{, �M =
64�, I¡ÛÉXÚ�©Ñ°�H∞ ��ì�Xê
Ý


ĜD =




0.01 0 0 0.03 0
0 −2.92 0 0 −1.68

−0.06 1.94 −0.01 0.22 1.51
0.09 0 0 −0.16 0
0 1.70 0 0 2.51




ÏLÄ�ÑþãÝ
¥��Ú�*�Ü©, ��
12ÚÓÔ�{�Ð©)

ĜD0 =




0.01 0 −0.03 0
0 −2.92 0 −1.68
0.09 0 −0.16 0
0 1.70 0 2.51


 .

-ĜD = ĜD0,O�J0(GD, P̃ , S̃)<0, ẼT
L P̃ ẼL >0�

�1),l��Cþ(P̃ , S̃)Ð©�(̂̃P0,
̂̃
S0):

̂̃
P 0=




−1.46 −10.05 1.53 −21.09 −4.58 3.72
−10.05 1.63 13.84 −10.70 −0.71 7.35

1.53 13.84 13.27 16.87 −2.59 −7.64
−21.09 −10.70 16.87 17.97 2.40 7.45
−4.58 −0.71 −2.59 2.40 24.16 0.63

3.72 7.35 −7.64 7.45 0.63 33.66




,

̂̃
S0 = −0.95.

3þãÐ©^�e, 2g$^ÓÔ{, �M = 4�,
��©Ñ°�H∞��ì�XêÝ


ĜD =




−27.74 0 0.25 0
0 −2.08 0 −1.56

−5.64 0 −0.10 0
0 1.32 0 2.48


 .

Ùg, �Är < n̂��/, -γ = 3. �O�¹ü
�ÛÜ��ì�©ÑH∞��ì, §���ê©O
�n̂1 = 2Ún̂2 = 2. d�, ü�ÛÜ©Ñ��ì�
�ê�Ún̂ = n̂1 + n̂2 = 4�u����XÚ��
êr = 3. 311ÚÓÔ{¥,kO�Ñr�8¥H∞�
�ì,¿Uª(28)òÙO2�ĜF :

ĜF=




−4.67 2.84 −0.71 0 −0.05 0.44
4.41 −9.25 −2.84 0 2.76 1.49
4.51 −2.80 −1.29 0 −0.07−0.04
1 1 1 −1 1 1

−4.01 0.17 −1.40 0 0.79 0.55
5.56 −1.23 0.14 0 −1.67 −1.16




.

¦ ^ĜF � � Ð © �, ^ĜFO �GD, O �
H0(GD, P̃ , S̃, λ) < 0, ẼT

L P̃ ẼL > 0��1), l
��Cþ(P̂ , Ŝ)Ð©�

P̃0 =




11.71 2.60 −5.31 −10.96 −6.93 −2.71 −0.85 2.54
2.60 20.60 9.12 −7.01 1.09 7.11 −4.30 3.34

−5.31 9.12 9.11 13.40 3.05 3.59 2.73 −5.87
−10.96 −7.01 13.40 15.02 0.17 2.15 −7.00 0.21
−6.93 1.09 3.05 0.17 37.13 1.61 1.07 2.65
−2.71 7.11 3.59 2.15 1.61 14.53 −3.19 −0.23
−0.85 −4.30 2.73 −7.00 1.07 −3.19 33.99 −1.80

2.54 3.34 −5.87 0.21 2.65 −0.23 −1.80 5.13




, S̃0 = −4.04.

�X,^ÓÔ{O�Ñ�M = 64�,I¡ÛÉXÚ�©Ñ°�H∞��ì�XêÝ


ĜD0 =




−13.39 18.80 0 0 −4.35 0
−0.08 −2.95 0 0 1.04 0

0 0 −27.99 −3.78 0 0.72
0 0 −3.76 −2.09 0 −3.94

−13.05 16.33 0 0 −3.61 0
0 0 0.59 0.20 0 1.93




.
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,�,-GD = ĜD0O�J0(GD, P̃ , S̃)<0, ẼT
L P̃ ẼL >0�)( ̂̃

P 0,
̂̃
S0):

̂̃
P 0 =




0.57 −5.64 4.55 −19.98 −6.24 −1.41 −0.85 2.69
−5.64 14.26 15.24 −7.36 −7.32 12.54 −0.71 6.42

4.55 15.24 6.79 17.56 −8.14 −4.23 1.30 −5.27
−19.98 −7.36 17.56 21.07 2.98 3.08 −0.55 5.99
−6.24 −7.32 −8.14 2.98 16.86 6.84 −0.24 1.49
−1.41 12.54 −4.23 3.08 6.84 27.91 0.50 −1.31
−0.85 −0.71 1.30 −0.55 −0.24 0.50 15.99 1.12

2.69 6.42 −5.27 5.99 1.49 −1.31 1.12 10.25




,
̂̃
S0 = −4.05.

��,A^ÓÔ{O�Ñ�M = 32�,Ø(½5ÛÉXÚ�©Ñ°�H∞��ì�XêÝ


GD =




−20.00 27.51 0 0 −6.13 0
−2.63 0.57 0 0 0.22 0

0 0 −20.85 −2.48 0 1.40
0 0 − 1.24 −2.14 0 −5.03

−20.97 27.02 0 −5.88 0 0
0 0 − 1.73 −0.07 0 2.14




.

6 (((ØØØ (Conclusion)
�©ïÄ
Ø(½5ÛÉ�XÚ�©Ñ°

�H∞��¯K.ÄuÛÉXÚî�k.¢Ún�
/ª, í�Ñ
¦Ø(½õÏ�ÛÉXÚU°�
	½,�÷v�½�6ÄY²�¿©7�^�,v
k�ª�å���5Ý
Ø�ª^�. æ^üÚ
ÓÔ{S�5¦)T��5Ý
Ø�ª. Äk,Ï
LÅÚé��ì�XêÝ
\þ(���, O�
Ñ�(½5Ø�3��I¡XÚ�©Ñ��ì.
,�,ÅÚUCI¡XÚ©Ñ��ì�Xê,O�
ÑØ(½5ëê�3��©Ñ°���ì. JÑ

Q�±puq�±$u8¥H∞��ì��ê
�©Ñ°�H∞ ��ì��O�{. �ý(JL
²
d�{�k�5.
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