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Differential Inequality with Delay and Impulse and

Its Applications to Design of Robust Control
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Abstract: A stability result of differential inequality with impulse is first developed in this paper. By using the result and
Riccati equation method, the new design method of robust control is proposed for measure differential systems with time-varying

delays and impulse. Finally, a numerical example is given to illustrate the design process.
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2 A& T {E(Preliminaries)
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Dx(t) = (A +AAd)x + Apx(e = r(2)) +

[(P+AP)x + Gx(t - v(¢))]Dw(¢) +

(B + AB)u(1), (1)

* EZRBRPEES(69874042) RBITH .

AT 1996 4F 9 A 10 H 2] .1998 4F 10 A 26 H R FIB B .

XH x(1) € RPBAIREER, u(r) € R™ HEH.
A,AA,A{,P,AP,G,B fl AB A& B4 HEBHA
WERERE. Dy, Dw 73 BIRZR x Flw WAHEE. w.
R,—~RAGEEMNAEREZRE. r(1), (1) £
inpi

EX E w.R—>REABET S* K9, R

) wBRAESEN, BER, HENMNETRE LR
HRAEEN.

i) NELER 1 < tp < - BICLALY b~
+ o, >+ o H ity € R, RIRBIKA.

i) uw R, K TFXE 6, 85,0),k = 1,2, 7
X BT o W IBONE FE

BE we S, ARFNTRER

w(t) =t + 2 aH, (1), (2)
XH
O, [4 < tkv
Hk(t) = {
1, t=1¢.
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Dw(t) =1+ iaﬁk(tk),

Hep o(t,) BEFTE 1, B Dirac B, 1, — 4,_, = Jo,
é > 1.

Bi%& 1 AA,A,AP K G W R ITE &4, BNFF
TE E1,Ey, Es, E4
AA = BE,, A, = BE,, AP = BEs,
HE(i =1,2,3,4) W/ER/H

G:BE4

kl k2
E, = Zdierfsn E, = Zfing%,
i=1 i=1

k3 k4
E; = Eliq}bi’ E, = Zhiw,Tz,-,
i=1 i=1
Hop disfis lis b ¥ m zﬁfﬁ]i‘,ei,gﬂqi,wi ¥ Hhn
2&@%:&:’71}1”;‘,‘3;‘ ﬁx%%%.
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kl kl

T, = Ezdid;'r, U, EZeie}f’
i=1 i=1
k2 k2

T, = VZfifiT, U, = VZging"
=1 i=1

b, ks
T3 = 172&[{, U3 = EZ%'QLT,
i=1 i=1

ky k,
z 2 ;thT, U4 =z E :wiw?,
i=1 i=1

T, =

He s=supll s 1,i=1,2,,k},
)_/ = Sup“ Y l’l = 1921"'9k2}9
7 =supll o |,i = 1,2, ks},
zZ = sup{i Z; |9l = 172,“"1‘:4}-

Rig 2 FERIFETREE N € R K Esff
ABN = BNEs,

%Amin[E5+Eg] =P, pP >-1. (3)

E1 N = IR, BB EE A B
AKX AB KRB HL, B 2 B A BB ERE

JE.40.AB = B[?7 8], I g 153.5‘4%,[3 g]Pﬁ
1

WRE@B), HEFER N = [7 0}, MA ABN =
0 1

0 0 0 0
BN[_g_ O}Jﬁ{_g 0}%,@%44&(3).

Bi&3 0<7v(t)<o,0<7(t)<0o,0>0.
RGBT, B 5
S5IE 1 (Bkrbe s A %ER)
FRMTHIAER
F() s-af () + BILAIL, ¢ 4,
{f(tk) < akf(lk_) + by Hftk ” ’

o () 20,0, = f(0+0),0€ L1 —0,0), 11 £
=2 SO = sup fC).f,, RIS
¥ R

i)a > B = 0;
11) by — tp_1 > 80',(‘)\? 1Eﬁ&7>O’M>07

(%)

i
p1 * o2 pr(6¥)F < Me?tut)
He o = max{l,ai + bie""},/\ BHEL =z a - ﬁe""
HIME—IEHR.
W& G f i R B &R
f(t) <M H J‘;o || e-(/l-)’)(t—to)'
iE HTFa> B;O,mu% = a—ﬂe"“ﬁ?’fﬂﬁ—
ER. Y € [1,1) BT, ~
o) s-af() +BILA,
AR
f(t) < “f;o “ e_A(t_to)’ t 6 [to,tl].
ﬁﬁ% t =1 EFJ‘ )
f(t) <aif(e) + by | ftl_ I <
ay || £, e 4 b,
”fto “ e/\a . e—/\(tl—to) =
(a1 + ble"") ”f;o ” CAU M e”“’x“o).
H—F, % ¢ € [1y,1,) WP
F(&) <=af(e) + BI A, & 1y,
f(t2) < arf(2.) + by |l fo- .
RATEIEH £(2) W2
fG) < ol £ e, v € [4y,1).
BT ¢ € L1,0) B f(2) < o1 f; e B
Q) < il f € - e tuw),
HitE
1Al < el £l ee ), e €[4y - a,4].
1E [tl - O',tl:| L#‘]iﬁ_ﬁﬁgﬁ gl(t),E“ﬁ%E
)< g(t), t€ e -0,t],
Fgi Il = sup gi(s) =

1 -oss<t

01 ||f,o I e’l"e'“‘l"”o),t €[t - o,t1].
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gi(0) = ol £l e ) € [t - 0,t].
% IERYE

gl(t) ="01g1(t)+,8” glt ”’ te[tlth:ly

s € [tl - O',t1].

).Je—/\(s—to) ,

g1(3) = P01 H f;o H €
d[1]%0
gi(t) <l gi e <
or L £ e ) 1 € [ay,1y).
1 uE B
(1) < &gi(t) = P(¢), € > 1, t € [t -0,1].

(4)
Yre [ty -o,t) B, BT &> 1,0
() < P(t).
ZR 1€ [t,1). %5 J¢ fH
f') = P(¢), (5)

W > .00
1) <) + Bl f Il <
~aég () + g | =
- &' (') = P'(¢).
B2 HE A (5) AR T RE 3, T (4) AL . 4
E—~1,14%
) <ol syl e M) € [1y,1,).
#H—5H
f(tz) Sazf(tz_) + b, ||ﬁ2_ | <
p1lay + bye*)e* || fi, | e=3(tmt) <

plpzeAu I f”o I oA (t=ty)

Beeln,nu) b
(1) < PlP2"'Pk-1(e"")k‘2 I on | e3C-%)
f(tk) < Ple"'pk(eA")k‘l Hfzo ” e"\(’k“o).
[ty - 0,1, ) LHE RS gk(t) W,
) < &), 1€l -o0,4],
| 8, | = sup g (s) =

p-oss<t,

prp2 o () £, Nl et
t€ [ty -o,4].
TnE
(1) = prpy o () £l e,
tE [t —o,t].

gr(t) =-agi(t) + Bl g ll , t€ (trstie1)s

k—le—-A(s—to) ,

g:(s) = p1or oy | iy I (e*)
s€ [t -o,].
LRI T IR B O AT AR
F(t) < pipae o (e?)F! ||ﬁ0 | et
t € Loy thar ],

Fti) < proe2 prar (€)% || 1, | et
ZrA
F(t) <p1p2 prsr ()|l fi, [| e2C-t),
t € [ty tpar]. (6)

B o1+ o2 (e¥)F < M7 HIEA
f) < MIf el g o
UEEE
Wit 1 fEEH1&MHT, e = KE?HP,"'){I’ak

+ be*t, WAH

OPTITAR
WE X VeER, ,FEEME:E [4,0,,). BK
%} (6) X5
F(t) <prp2 prer(e)* Hﬁo | e=2t=%) <
6(Ge )k Hf,o e 2% ¢ &€ [, t5,1)

In(8 e/\‘r ) 2,
i () < e & W%, Hikg

As
N D ICINY

Ao
N [(ENY

f(t)Sﬁnf;O”e tE[tkatkH)'

B ¢ AR, N
f) <6 Hfzo I e-“-l‘igj—h))(»—%)’
T
2 # o> B0 1 s, R %

(%) WRHEBOIIERE.
3 #=#i% it (Design of control)

t = tg.

A LB INT £
u(t) =- NR'N'B'Ix. (7)
CHH LRFE Riccati FRCEATESH) WIEEMR,
R =rl,r >0.
BHEAA()R

Dx(t) =(A + AA)x(t) + Ajx(e - y(2)) +
(P +AP)x(2) + Gx(t - ()1 Dw(s) -
(BN + ABN)R'N"B"Ix(¢).
(8)
¥4 Lyapunov R %
V(e) = x7(t)In(t).
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HFH € [t th,0) B
(1) =(A + P)x(2) + (A4 + AP)x () +
Ayt - y(8)) + 6x(t - (1)) -
(BN + ABN)R'N'B"Ix(1),
& 1t
V'(¢) =25"L[(A + P)x + (A4 + AP)x +
Ayt - 7(8))) + Gx(t - (1)) -
BN(I + Es)R'N"B"Lx ],
TE
25 "L(A + P)x = x"[(A + P)"L + L(A + P)]x,
2x"L(AA + AP)x <

dlleLB(Tl + T3)BTL?C + dle( Ul + U3)x =

-(}fxTLBNN“l(TI + T3)(ND'NTB L +
1

dle(Ul + U3)96,
226 LA x (¢ - v(2)) <

—G-ll;xTLBTzBTlx+d2xT(t—y(z))ng(t—y(t)) -

diz xTLBNN-'T,(N")"'NT'BTLx +

dax"(t — y(£)) Upx(t - ¥(1)),

22TLGx (¢ - 7(¢)) <

;ilngLBT4BTLx+d3xT(t—z'(t))U4x(t—r(t)) -

lengLBNN‘l T (N IN'B Ly +

dyx"(t — (1)) U (¢ — z(1)),

- 2x"IBN(I + Es)R'N'B"Ix <

~-2(1 + p)x"LBNR"'N"B" L.

JlES)

V(1) <x"[(A+P)'"L+L(A+P)-

LBNRN'BTL]x +
dyx" (¢t = y(£)) Upa(t - ¥(1)) +
dyx™(t - (1)) Uyx (v - (1)),

Hrp

R =201+ p)R"l - N'l[';—l(ﬂ + T3) +

LT+ g TV
MRFHEEEHEE Q,L#
(A+P)"L+L(A+P)-

LBNRN'B'L + d(U, + Uy) =- Q

Wor . WA
V(t)< ~ 2" Qx+dpx"(t =y (2)) U (2 =7 (1)) +
d3xT(t - T(t))U4x<t = T(t))9

i
xT(e = y(2)) Upa(t - 7(2)) =
£t - y(O))L2L 2 UL 3 L3x(t - (1)) <
Ama( L2 U,L73) 2™ (1 = y(0)) Lt - 7(1)) <
/\m(L‘% UZL“%) _sup._ V(s).

[7) 3

<t

27t = (1)) Usa(t - (1)) <

1 1
Amax(L2U4L72) sup V(s),

—o<s<t

H s
V() < - 2" Qut {dyh (L2 U,L73) +

d3Amax(L_% U4L_%>} sup V(s) <

t-o<s<t

~ Amin( Q) Agm (L) V(1) +
{doh, (L-TU,L7) +

A (L2 U L) V1),

9)

XE VY, = ;_EE?«V(S)'
HARZ(2)H

x() - x(y ) =

[ 1P+ aP)a(0) + 6x(t - () du(a) =

(P + AP) (1) + ;G (1, — (1)),
#H - ap(P+AP) AT A M, = 1 - a,(P+AP)
<]
x(t) = Mi'x(t,_) + axM5i'Gx(ty, — z(13)).
5)id
V(n) = «"(4) Lx(1,) =
(2" ) (MDD + ™ (4 = o(8,)) 6" (M)] -
[Mi'% (8, ) + apM5'6x(ty, — 7(2))] =
xT(tk_)(MD_lMilx(tk_) +
2a5 (1, ) (MY ' M7'6x (1, - (1)) +
ajn" (- v(4)) 6" (M) M6, (1, - t(1,)) <
() (1 + ) (M) Mitx () +
(a + af)x" (1 - z(13)) »
CHMD M7 6x () - (1)).
BT «(¢) > 0,HILAE
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V() <(1+1 @ 1) Apa(L” (ML) "ML 7) -
V(e )l g |+ a})
| A (L2 G (MD) ' MFICL2)
(10)
RHV,

EE1 EHXd >0,dy>0,d3>0KR>0
F Riccati # A —IEEM L
(A+P)"L+ L(A+ P) ~ LBN{2(1 + p)R™" -

sup V(s).

tk—a'ssslk

[_(T1 + T3) + 77 Tz + _T4]<NT) }
N'B'L + Q + d (U, + U,) =0, (11)
T HL 2

1 1
i) Amin(Q) > Amax(L){dZAmm(L_EUZL_—i) +
1 1,
diAma(L2U4L72) 5
i) & 6 = sup 1, +1 o I)AM(L‘%
EEAL,Z, )
(MD ML Z) + (1 ay 1+ @d) A L2 GT(MD)™!

In(fe)
oo

Rain QA (L) = {dyd (L2 UaL72) + dyA
(L 3U,L-3) e TR, MR 5 (1) 184 (7) 4

MPCL ) < A H A RIREA =

AT REEHERER.
W X
)y =vi), LAl = B fggstV(S),
Il £- Il = sup V(s),

t-os<t

ap = (1 +1 I)AW(L"%(M{)“IM;IL*%),

by = (1 ag |+ @) L3 CY(MY) ' M;'CL2),
@ = Auin( Q) Az (L),

B = dod(L3ULL3) + dyh (L 2ULL7T),
M(9),(10) A4k K5I B 1 PR A%, FHibh
WS 1 R 2 HE G EE PR TIRB SR

11E—|—.
F3 HA
[BN ABN A?’BN A"'BN] =
I
N
(B AB A’B

A"1B] N ,

B % rank[ BN ABN A’BN A"'BN] =
rank[ B AB A’B A Bl A, (A + P
B) Al #m, W (A + P,BN) A #.

B2 #(A+P,B)WE,MMEQ>OF
5 d.(i = 1,2,3,4) M r > 0ffi(11) A L > 0 H
M.

ik mr>0ﬁd(i_23)%ﬁﬁ_2(l+

p)R™ - 1[—(T1+ T3)+ T2+ Tﬂ(NT) -
0%11%#1).&13&3%(14 + P, BN)T?’* FH Xt Q >
0K Ry = R'>0,HFHEL>0WHE
(A + P)"L + L(A + P) - LBNR;'N"B"L +
di(U, + Uy) + Q = 0. :
B, 0 Q &R = o JEREFROD AR LEWBESR

7 1). EEE
B u R IR.

1) FRAWERE N, Am[E5 + EIl =

p > - VBOLERIFE N 1L
) B r>0Rkd(i =2,3) MR

R=2(1+p)R" - N_l[di(Tl +T5) +
1

1 1 Ty-1
d2T2 +d3T4]<N) > O

(@) > Ao D) { dph o (L3 ULL2) +
dsA (L TUL3) ]
3% Q>0KkRy=R"'>0,RKML>0WE
(A+P)'L + L(A + P) = LBNR;'N"B"L +
dy(Uy + Uy) + Q = 05
4) WitES u(e) R
u(t) = - NR-'N"B"ILx,
XEBE R =1l
4 f5F (Example)
-1

00 0 0 O
Dx(t):(!; 0 1 0}+l:0 0 0})x(t)+
0 01 0 0 9
0
0
0

0 0
{0 O}x(t-—‘((i))}dw<t)+
w; wy 0
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T0 0_|
0 0
[1 OJ(1+[ ])u(t). (12)
’ s O
01

XH, x(1) €ER0<2(2) <0,0>0, 1711,
8l ol l,lawplgsl, |sl<3.

i)

0 0 07
0 0
T1=[ ] Uy =|0 0 of,
0 1
Lo 0 1
10 07
0 0
T3:[ ], UBZOOO,
0 1
Lo 0 o
10 07
T [O 0] U 010
f Tl 2l T :
Lo 0 o
B
1
5 0 1 1
N: 2 i|,d1=],d2:d3:'i",r=a),
0 1
) %
1 00
010|, R i[lo
¢= C R=solg )
0 0 1
AR
10 0
L={0 0.1377 o0 |,
0 0 0.1379

B R w () R

0 16.5242 0
WO ==10 o 16500
P, kb ERE O W R EHE 1 &), FE -
HRHAERERT, 2% (12) 2EHEH LIRS
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