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Robust and non-fragile H~ control for uncertain singular
gystanswith tme-delay in state
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Abstract: The design problen of robust and non-fragile H » state feedback controller is discussed under controller
gain perturbations for a class of uncertain singular systensw ith state delay Two classes of perturbations are
considered, namely, additive and multiplicative This problem is lved via the notion of generalized quadratic
stabilization with H = norm bound A nd the controllers can be obtained by olving a set of linear matrix inequalities
(LM 19). An illustrative exanple show s the effectiveness of the proposed design method
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Ex(t) = [A+ M]Ix(t) + [Ad+ 1)
Malx(t- D+ Bu(t) + Bw(t), AK = D4F4Gs, FiFs< I (8)
z(t) = [C+ AC]x(1), 2)
x() = H(),t [- T0] AK = DsFsGsK, FiFs< |, (9)
(2) :D4,Ds,Ga Gs
x() R ,u() R Fs Fs .
w(t)  R* z() R T (1) (7
> 0 : JH (1) :
'E R™T rank E = r< nA, Ex(t) = [Ax+ M]x(t) +
Aq,B,B1 C s DAL M [Ag+ Me]x(t- D+ Bw (1),
AC z(t) = [C+ AC]x(V),
: x() = H(@®,t [- T0]
M = Di1FiG1, AAd = D2F:G2, AC = D3FsGs (10)
(2)
D Gi(i= 1,2,3) Ax= A + BK,M«= D:FiG:1+ B (AK).
(Fi(i= 1,23 FIFi< | :
; [ 3 (10)
(1) H o Y, Fi(i= 1, ,5),
Ex(t) = Ax(t) + Aux(t- D, @ I Taw ()l w <
x()=H@®,t [- T0] Y :Y> 0 , Tan (5)
(1) w (t) z(1)
Ex(t) = Ax(t) + Aax(t- T + Bw (1), 4 (1) (7
z(t) = Cx (1), (4) H o Y
x() = H(@®),t [- T0] (10) , Hew Y
1 1) (E.A) : (1) (7)
S, det(sE- A) # C; 2) (E,A) (10)
det(det(sE - A)) = rankE. H » Y Y>0
1% (E,A) 3
(3) [0, + =) 2
22 1) (3) 1 (3)
(E,A) )] P Q> 0,
(3) , €> 0, 6(e > 0, :
Sup H (O < 6(g E'P= P'E2 0, (11)
H (1), (3 x (t) I x()lIl < AP+ PA+ PAQ AiP+ Q< 0 (12
€ t= 0, x(t) - 0(t -+ o). , M
2% (3 MT (VI (6) P: :
P1 Qu, (5 (6) P1t, P P=Pi",Q
= PiQ:PiT, (5) (6) (11)
EPI= P:E' = 0, (5 (12) . O
APl + PA" + AdPIQi1'PAG+ Qi< Q (6) (4)
(1), H o .
: 2 Y> Q P
u(t) = (K+ AK)x(t), (7) Q>0
'K , AK E'P= P'E2> 0, (13)
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T T T b
c'c+ ';;PTBJBIP < 0, (14) XG1 XGa XGs3 0
0 0 0 XG2
(4) :
I Ta ()l Y 0 0 0 0
w o <
S , - AL O 0 0 |<o0 (18
14 1 ,
(14) (12) 0 - A: O 0
1, (4
| | , 0 0O - A O
T - 4
® [4] 0 0 0 - Al
, . d
2, ’ 3
5 (10) U = (K+ AK)X(D). K= 2x T,
H e N CQSH -9, AK = D 4FaGa, FIFa< | (19)
P Q> 0, Fi(i=
1, ,5), : L=AX"+BZ+ AX'+BZ) "+ Y+
E'P= PTE2 0 (19 Lo8Te A0DI+ DI+ 500ET)
BBl + ADDI+ DDJ+ BDDIB),
B+ MQOTP+ P A+ M) + Q-+ yor! ' i )
PT(Aa+ M4)Q "(Aa+ DAG)'P+ . '
; 1. ; Schur , (16)
(C+ AC)"(C+ AC) + yPBBiP< Q (16) Br+ M)TP+ P (A +
Y> 0 : M) + Q+ j';PTBJBIP
6 (1) (7) -
Hoo )/, (Ad+ AAd)TP
C+ AC
(10) S-H oc-y
X " P (As+ Mq) (C+ AC)T
' - - Q 0 < a (20
Hoo )/, 0 - |l
H o Y (20)
3t r & i
- AP+ P'/Ax+ Q+ ';I;‘PTBBIP PAs C'
., Q , Q+ TFd+ (IFP "< 0 .
F'F< 1 F AP -Q 0
T 1 .+ - C 0 -
A> 0, Q+ AIT + ACID o< Q 'P'D. PBD. O PD,
(1) H 0 0 0 0 | x
Y L 0 0 D3 0
3 Y> 0, 'F, 0 0o o0|][e: 0 0
AK e (1) (7 0 Fs 0O O0||Gs O O
+
H o Y 0 O Fs 0|]|Gs 0 O
A> 0, X, Y> 0 z, Lo 0 0 FJLO G
(G: 0 o 7[F. o] T
EX'= XE'> 0, (17) Ga 0 0 |0 Fs 0O O
X
L A’ xc’ Gs 0 0|0 O Fs;3 O
XAd - Y 0 L0 G 0 0 0 F
cx’ 0 - hIh+ DDI 'P'D: PBDs 0 PD4"
GiX' 0 0 o 0 0 0 0 < Q (2D
GX" 0 0 -0 0 Ds O
GX' 0 0 3, (21 A> 0,
L 0 GxX' 0
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AP+ PTAx+ Q + -}J;PTB]BIP P'A¢ CT
AdP -Q oO0
C 0 S B
PD: PBDs 0 PD:
0 0 0 0 | x
0 0 Ds O
PD: PBD: 0 PD:
0 0 0 0 |+
0 0 Ds O
G: 0 07 G: 0 O
1| Ga 0 O Gs 0 O < a (22)
AlGs 0 0 |Gz 0 O
0 G: 0 G:
, Schur , (22
L. P'Ad c’
AiP - Q 0
C 0 - i+ DDI
G1 0 0 -
G4 0 0
Gs 0 0
0] G2 0
Gl Gl e 0 |
0 0 0 G:
0 0 0 0
- A: O 0 0 | <0 (29
0 - A: O 0
0 0 - A: O
0 0 0 - Al
Li:=AwP+ PAc+ Q+ ')JEPTBJBIP+
AP ODI+ DD:+ BDDIB)P.
PPt (15) ,
diag(P"",P ", 11,11, 11,11, 11)  diag(P"*, P %,
I1, 11, 11, 11, 11) (23) , P
=X, PTQP '= Y, KP '= Z, (15) (17)
. (23) (18) X , K=
X7, (19) . O
4 ¥Y> 0,
AK (9) , (1) (7)
H o Y,
A> 0, X, Y>0

Zy

(17)

L AXT xc’
XAi - Y 0
cx’ 0 - Ii+ DDI
GX' 0 0 -
GsZ 0 0
GX' 0 0
L 0 GxXT 0
xGl Z'GI xG} 0 |
0 0 0 X Gz
0 0 0 0
- A1 O 0 0 |<a (29
0 - A: O 0
0 0 - A1 O
0 0 0 - Al
u() = (K+ AK)x(t),K= zx T,
AK = DsFsGsK, FiFs< | (25)

L=AX"+BZ+ AX'+BZ) "+ Y+

§;BJBI+ ADDI+ DD+ BDDIB'),

1
3 ’
4
(1),
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os}
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| —

oj [oj
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u(t) = [K+ AK]x(1),

K= [- 132099 - 7 7914],
AK = D4F4Ga, FaFs< |
2) , Ds
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=Gs=1{02 Matlab LM |
u( = [K+ AK]x (1),

K= [- 18830 - 9 2584],
AK = DsFsGsK,FiFs< |
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