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Abstract

This paper investigates the problem of robust impulsive stabilization of uncertain linear dis-
crete-time systems with delay. By introducing the time-varying Lyapunov function that captures
the dynamical characteristic of discrete-time impulsive delayed uncertain linear systems, and uti-
lizes a convex combination technique, new robust exponential stability criteria for uncertain li-
near discrete-time impulsive delayed systems are established in terms of linear matrix inequali-
ties. And the feedback gain matrices of robust impulsive control law are obtained. Numerical si-
mulations are rendered to exemplify the effectiveness and applicability of the proposed results.
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FE T A=, BkphFIR i i AF R IR, e 55465, Bk, NiE PEHUET. Ik
N RGERE S M 7 ZORERT SRS R, RN T B A BRI SR . ST, KRR
SIS HAE BB & BRI T 2 R A, IR G RS ek B FUH I 2R, E 2 HIAR
S, BILE R RGN ATE SHEA — EREHEMETER, AT Hkek R 58 KR40 R 7
ZIIECR . SCER[1] [2] [3] [41BF 70 1 kb R H d=i0 18l &, SCHER[S] [6] [7] [8] [O1BF 7T T AHiE R4 H)
Vit AR PR IR, AR SN 72 e M Bk i i e R G R L AR D o

AEXNT T L2 (R K rp s i R G0, BRI SR, A O [a] Jike i R 45 R e ﬁAHIE
SEHRTERS AAE Lyapunov R A 715, Gn: [4] [6]. R Z 5300 50 8A 78 70 R ik IX R A 2
FIFaE & BE — E R . ARSI Lyapunov s%, FIA M ABIAR . LRMEAEREA S ﬁ&
FHORRRE VR, WFIC T ANHA 2 28 P B0 MUBK IR I 37 2R 0 118 e e e e 1) B Bk bR 85 S ot A2 1) 28 () 8 1
Jitte fJa, I —ANEUE SHEIRAIE T 45 R A

2. [ElREHER
ARNHBIL S XA E MR M > (2,<,<)0, £x: M NIEECEIER, e, Fme)il
B | FORBIELERI BALIEFE o 4 (M)A (M) FRAFRAERE M BT (BN FIRFAEE . x e R™[X|
RoR X KB, No={0}JUN . fEEBPD>EH ab(a<b), & N(a)={aa+l-}, K&
N(a,b)={a,a+1-b}.

HIEW N B R G
X(t)=(A+AA)x(t-1)+(A +AA ) x(t-1-7), t=t,
Ax(t)=(B+AB)u(t-1), t=t, 1)
X(t)=4(t). teN(-z,0)

Hx(t) e RTZEIREZE, ueR"RBKIFEHIHIN, AX(t)=X(t)—X(t —1) N RGARSLERKH % t, 1)
B . %meﬁﬂ{},%30ﬂ<¢<mdm=m Ht -t ,<0. AA, BRNCHKSHIELE,
AA,AA,, AB TR RASHIIATEYE, JERA W T 45

AA =DF (t)E,, AA, =D,F,(t)E,, AB=D,F,(t)E,

Hrf, D, E,i=012 NCMIEMEERE, F(t),i=012 NAAEEGHEBINAMEHERE, Hie:
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R R, RO RO, K1) Ft)<I
ARICI B R 4 Kb I T 90 {t ) o BEERkeIR S S it i u (t) =
)=(A +DF (t)E,)x(t-1)
( )=(1+BK+D,F, (t)E,K)x(t, 1), keN
x(t)=¢(t), teN(-z,0)
IR B PR R 2 1
EX 1 RG()ZEREEIRER, WRAEF a>0,ye(01), 3
||x(t,t0,x0)|| <ay'[x|.teN

513 1[8] XMER x,y e R" MIEEH [ PeR™, NiEfa, NA:
X'Py+y Px<ax Px+a'y'Py

t), MRS

+(A +D,F, (1) Ey ) x(t-1-7), t=t,

O]

B3 2 [10] WA AcR™, DeR™ , EeR"™, FeR"™, K¥EHe>0, HF'F<I, X1

BHFEP>0,PeR™, RAIFEFEASEMRAL:
(A+DFE)' P*(A+DFE)<AT(P-¢DDT) A+¢ETE

BB 3 [11] WIEFEU, X eR™, H X >0, NMXMEEKESe, H
UX’1UT2£(U +UT)—52X

‘ ‘ S, S .
ﬁﬁ46mm%ﬁ5®ﬁﬁﬁmsﬁ=&” ;},u?ﬁ FAFEA
12 22
1) S<0;
2) §,<0,S, - SlTZS[fS12 <0;

3) S,,<0,5,-5,5,,S; <0

3. EELR
ASCHINEAE Lyapunov BRI VAR R G0 (L) B EE %M. Nk, FRATJe e —2 3G T fikrh
Y 1] e 271 14D 25 A R
o5 58 B ik B ] R 4 {tk} €S(r.7,), EXEMTBERE p: Ny >R
t —1-t
———— teN(t _,,t -1),keN
p(1)= ]t -1, SN b 3
1L,teN (—T,—l)
%m‘_&’
p(t)=Lp(t -1)=0keN, p(t)€[0,1],t e N (t, ,t,,, —1). 4
vteN(t, +Lt -1),keN,p(t-1)= St p(t)+po(t). (5)
t, —1-t
o, ;ﬂt):ﬁ, VteN(t_,t-1), keN. MEEMteN,, &
k T+ k=1
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]/(71—1)—p1(t) <
P, (1) =1 V(1) Y(r,-1) 7

O!}/l :}/2

FEEF () eS(n.r)

t) 1-p,(t
pZ()+L(), viteN,. (6)
7,-1 n-1

0<p,(1)<1, p(t)=

2A(t)=1-p(t). 5, (t)=1-p,(t)-

B 1 XEEMEMEK , HJK(*??J{ }65(7/1 72) ‘:P;/2>71>2&ﬁt§96(01) ,Ue(oal]’ £
FEAEXFRAERE R >0,Q >0, KbrE g >0,i=j=12,a>0,¢ > 013 FHIHFEAE L
(- e)Q VitaAlR 0 gE]
B PY A N ! ™
0 * —&;|
o 0 0 gl
Q-(1-9) R+_L_1(P2—P1)J Vita™ATR 0 gES
J
* -P PD, 0 [<0, i,j=12 (8)
0 * —&l 0
I * 0 0 -l |
Q-uP, (1+BK)'P, 0  &(EK)
* P, P,D, 0|, )
0 * —&,| 0
* 0 0 —&l
NERNOES PRS-y = =R e st
TR ELE,NRD), v, ARE), FRYYE <0, YY¥,
i=1 j=1 i=1 j=
-(1-0)Q ~1+aAP(t) 0  g(t)E;
) -P() PIOD, 0 g =12, (10)
0 * —&(t) | 0
* 0 0 —&(t)l
Q-(1-0)(P(t)+p(P-R)) V1+aA'P(t) 0  &(t)E
X PO POD 0 o (11)
0 * —£(t)1 0
* 0 0 —&(t)1
KA P(1)= OB+ ()P, ()= 3 e, <0, XH(10), (11)52H Schur ¥l
i=1 j=1
(t+a) APP()(P(H) - ()P(ODDIP(V) () A +2()EE,-(1-0)Q<0  (12)
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(1+a) ATP(t)(P(t) =& (t)P(t) D,DIP(t)) P(t)A +&(t)ETE, ~(1-0)P(t-1)<0 (13)
%F(9)iz H Schur #hM5 %

Q-4 +(1+BK) (P~ ;'D,DF ) (14 BK) . (K (E,K) <0 19

JEHURAE Lyapunov BRELV (t,x ) =X (t)P(t)x(t)+ 2 xT(1)Qx(t), G, vteN(t +L1t,,-1), A

WLV (1)=V(t,x), AV(t)=V(t)-V(t-1).

AV (t)=-

N (t-1)+V (t)-(1-0)V (t-1)
=-Vv

(t-1)

=—6V (t-1)+x" (1)P(t)x(t)-(1-6)x" (t-1)P(t-1)x(t-1)
+x"T(t-1)Qx(t-1)—x" (t-1-7)Qx(t-1-7)

=V (t-1)+((A +D,F () E)x(t-1)) P(t)(A +D,F (t)E,)x(t-1)

)(A +D;F, (1) E; ) x(t-1-7)
P(t)(A+DF, (t)E )x(t-1)

A, +D,F, (t)E,)x(t-1-7)) P(t)(A,+D,F,(t)E,)x(t-1-7)

1-0)x" (t-1)P(t-1)x(t-1)+x" (t-1)Qx(t-1)—x" (t-1-7)Qx(t-1-7)

<-oV (t-1)+x" (t-1)((1+a) A + D,F, (t)E, ) P(t)(A + D,F, (t)E,)
+Q-(1-6)x" (t-1)P(t-1)x(t-1)+x" (t-1-7)(1-a*)(A, + D,F, () E,)’
P(t)(A, +D,F, (t)E,)-Qx(t-1-7)

+((A +DF (1) E)x(t- 1)) P(t

T

+

(( (
+((A +D,F, (1)E, ) x(t-1-7))
(( ) P
~( )

<—-&V (t-1)
fitbL, % vteN(t +1t.,-1), A:
V() <@-0)" V(L) (16)

TFHAETV (L), keN, HQ), (14):
V(L) =X ()P )X(E)+ 3 X (5)0x(s)

=X (4, —1)((| +BK +D,F, (1)E,)" P, (1 +BK + D,F, (t)E0)+Q)x(tk ~1)+ 5 X" (5)Qx(s)

_xT(tk—l)((I+BK+D0FO(t)E0)T F>2(|+BK+DO|=0(t)EO)+Q)x(tk -1)+ tkf x" (s)Qx(s) an

< (1 -1)Px(t -1+ S X7 (5)Qx(s)

X (L -DRx(, D+ 3 X (5)Qx(s)

:V(tk _1)

24 (16), (17)15:
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PRIGHRRER o

R 1 SRR K, K Fs{t ) eS(n.y,), KbrEoeS(01), we(01], EAFTEXFRERE
P>0,Q>0, Kirk ¢ a,g, >0 M43 FHIAEFEATE XKL

—(1-0)Q \i+a AP 0 <E]]
* P PD, 0 |, 20)
0 * -l 0
o 0 0 -l |
Q-(1-6)P Vi+aA'P 0 sE]]
* —
P PD 0 |, 1)
* gl 0
0 0 —el]
uP (14BK)' P 0 5 (EK)
* —
P PD, 0 |4 22
0 * —&l 0
* 0 0 -Q

WAZ Q)M EF RS %Taéﬂzfr%mﬁﬁ

EH: @R =P =P, g=¢, i,j=12, dEH 1L, TRHER 1L,

NI EERS T K R R R R KT T

SEHE 2 X ERINKTFS {t ) €S (r.7,) Hiy, 2y 22 Kbnioe(01), ue(01], HAFEX
HEFE X, >0,M >0, KirE g >0,0,>0,6; >0,a>0,5 >0 {##3 FHIHFEALE AL

(1-0)(oM -20%X,) Vl+a XAl 0 XE]

- X D, 0 g, i=j=12 (23)
0 * —&l 0
* 0 0 —&l
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Figure 1. The evolution curve of system state under impulsive control law
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AHHEI R, (t) = ysin(t) , Fl(t):diag(./sin(t),alcos(t)), F, (t) =diag [Jcos(t),,/sin(t)}T o AT

t=2, y,=y,=2, u=09, =01, j=12, 5 =0.08605, &,=0.09832, K ¥ 2 nJ#3AH N [k
HOIR A R ) 8% u(t) =[-0.2703,0.0769] x(t) , & 1 25t 7E Su ik b i 25 I E R R, BRI AR ME
p(t)=diag[4.5-4]" . RGMNEILML. (4R ER, RIEQEZIKIFEHBIER T, HREHEK
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E&WE
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