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Stability of Hybrid Systems with Proportional Delay

Based on Pachpatte’s Integral Inequalities

LI Taoyu, HUANG Zhenkun
('School of Science, Jimei University, Xiamen 361021, China)

Abstract: A class of hybrid impulsive and switching systems with proportional delay was studied in this
paper. For proportional delay, converting proportional delay into constant delay by time transformation is adopt-
ed in the literature to obtain the stability results combined with the corresponding criteria. Without time trans-
formation, switched Lyapunov function and Pachpatie’s integral inequalities were employed in this paper to es-
tablish new general criteria for exponential stability and asymptotic stability under arbitrary conditional impul-
sive switching. Finally, an example was given to illustrate the theoretical results. It was shown that the chaotic
system with proportional delay tends to be stable by the designed impulsive control.
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x=Ax+F (t,xx(qt)),t € (t,_,,1,],
Ax = Bx,t = 1,, (1)
x(s) =£(s),s € Lqty,ty]o
Hr. 1 e R, sk=12,3x= (x,,,x,)" € ROBIREAE; £(s) (s € [qty,1,] ) BRE (1) B
WIMME; A, 1B, o2& n xn F5FF, iy} : (0 ,0,] i, € Hi= {12, m| 2—DrBUEBRE, RS
(1) TERBRINZER m ST RETH—A, £ F—BTHEEBEHVHN m ST RETH—A, Wi %
INFRGE (1) BEHBIEXE] (¢, 0, ] AR BV, ¢, FoRbkop 2R, JFEHWE. 0 <1 <1t <
by <=0 < by < e < e ]}ijg% = o ,x(y) =x(t,) , Ax[,_, =x(t,) -x(1,) Fe st R F g0 <
q <1,F (t,x,x(qt)):R, xR~ R, JEBOELL KL, F, (1,0,0) =0, teR, . B, RE
(1) A m PDAFEBYTRS, B
x =Ax +F,(s,x,x(gs)),i =1,2,+,m, (2)
Hp.s e T.(t,,t) 395 € Ti(qty,qt) o T.(ty,t) TR i N FRE (2) 1 [1,,t] BITH AR, H
U T (ty,t) = [ty,t] o [REE T (qty,qt) TE[qty,qt] FAEMRIE X,
SIE1™ A PeR“EIEEHEM, Qe RV EXNHREM, M FAEEMNxe R, A
A (PTO)X'Px <x"Qx, A, (P'Q)x"Px = x"Qx,
5132 2" Pachpatte FIBUFAER) 81 = [4,,T) CR,a(1),b(1) € C(I,R,) ZIEWM, H
a(t) St fET L k=0,c=1Mp > 1 MELE, HHHLw) e CUR) , Hult) <k +

j a(s)u(s)ds +f“‘)’)b<s>u(.s)ds, WA u(t) < kexp(A(1) +B(1)) , Hrb,A(1) = f:oa(s)ds CB(1) =

alt

a(tg)
j b(s)ds

a(t)
Rzl XT:ieR,, ieH, xeR", 0<g<l1, FAEESR 0, (1) . 0,(qt) =0 FIEEHE P,
15
Fl'(t,x,x(q))Px < ¢.(1)x"Px + qo,(qt)x" (qt)Px(qt)/2 (3)
AT
E1 Mg=0mf, MR AR, 24 F(1,x) W2 Lipschitz Z64F, B (|F(x) || < L) x|, A
Fl(t,x)Px < ¢,(1)x"Px , BIEFAXFAEREIE >0, (F/ V€ — (Px) JE) (FJE - (Px)J€) =0, F'(1,x)
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Px < (172)[F' (1t x)F(t,x)/€ +£(Px)"(Px) ] < (172) [’ (1)x'x/& +&x"P'Px < (172)[L*(1)/ (€A, (P)) +
N, (P) Ix'Px

M0 <qg<1, (¢2)o,(qt) =00, B BRI,

BRi%2 FAEERTRATRRE A, (1), 5B, Mp, T ZH0LHR, 15

A [PT(AIP, + PA) ] +20,(1) < A (1), (4)
Ao L (1 +Bk>T(I+Bk)] < B, (5)
p = max{pil,p, = /(A (P)/A,,(P)) (6)

Wor, HieHE=1,2,---,

2 FEZRKNHIEH

EIE 1 A 1 AR 2 T, RIS (1, ,1) , (15

me>+gLuAmw+§Llﬂ<mhwwwtemhﬁ (7)

WL, WA 1) Limp(y,0) = - o FRRGE (1) P URRREIILERE; 2) ¢ (1,0) <-c(t - 1,)
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HEBA % JE Lyapunov PR%L V. (x(1)) =xTPL.kx, i, e H, X Frte(t, ,t,], mglB1, izl ffk
B2,V (x(0) IWERSE (1) MEFEHN

Vik(x(t)) =.x§TPikx +xTPikJé = [Aikx + Fik(t,x,x(qt))]vl‘P.x +xTP. [A.x +F, (1,x ,x(gt))] =

Z'TATP, + P A Jx +2F! (1,x,x(qt) )P, x < {A, [P]'(AIP, +P,A )] +2¢,(1)]

x'Px + qo,(qt)x" (qt)P,x(qt) < /\ik(t>V,»,L(x(t)) +qow, (qt)V, (x(qt)) (8)
X (8) Mo, El e By, WA

V@)svwmg+ffA¢wmgmn>¢+Ltwmwwwguw»¢o (9)
AR, s =¢s, A - -

[ o, a9V, (xa))ds = [ 0, () V, (x(5)) s, (10)

Hxt (9) A1k (10)%717"3 v

V() <V, (i) + [ A0V () ds+ [ 1w, ()Y, (x(5))ds, (11)

-1 Gt -1

MBI 2, A V(0 < V()epl [ A, ()ds + [ o ()ds], HIETT A A (P )x"x <

Mo (POXCED * @ expl | A ()ds+ [T o ()]
= (6) AIfe
o (1) <pa(i’,)expl f A (3)ds +j w, (s)ds], (12)

Hp.o(r) = x'x, 1A, =0 (4) A5
{x(t;f) = (I +B,)x(1,),
o(t;) = (I +Bk)x(tk>]r|:(l +Bk)x(tl.->:| $Amax|:(l+Bk)T(I +Bk>:|xvr(tk>x<tk> <Bo(t,),

B =0, k= 1,2, s (12) M (13), 8F e (o], o) <pr(ienl [ A, (5)ds+

(13)

[" o, ()1, o) < pa(tg)exp[fi])\il(s)ds , fq:]wil(s)ds], o) < pﬂla'(t(;')exp[fil)\l.l(s)ds .
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[, ()as]
qto
Tt e (tl’tz] , CIES

(1) spamexp[f A, (5)ds +f(” w,(5)ds] < PRt expl [ A, ()ds +

jA (s )ds+f ()ds+f L(9)ds ],
e (4,1, H
()< B pur B el [ X, (5)ds + [A(5)ds + o4

3 ql qly qt
f )uik(s)ds +f o, (s)ds +f w, (s)ds + - +f a)ik(s)ds]O
=X (7), Tt e (tk—l’tk] , A

o) <ot EB)ewl X[ A@d s X[ 0d] < ali)ped e,

Ti(qt,qt)

I, Tt =1, 0(1) <o(ig)pe”™” WAL, MICAHA, RE (1) B IUARZ 2R HLf e
MR EGRER , 2R 1 IS
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3 EEEIIE
B thfﬁﬂﬁﬂ“fﬁ{w AR5
{ L = (25a +10) (%, —x,) —x,(qt) /4,

(28 —=35a)x, —x,x; + (29a - 1)x, — x,(qt) /4, (14)
X, = x,%, — (a +8)x/3 —u,(qt) /4,
Hrfia e [0,1] 5x = (x,,5,,%5) " ¢
Shr b, REE (14) TSR x = Ax + f(x) + g(x(qr)) , Ho: f(x) = (0, - x55,20,)"

X,

- (25a +10) 25a +10 0
gx(qt)) = (-x,(qt)/4, —x,(q) /4, —x;(qt)/4)" A =| 28 -35a  29a -1 0 o
0 0 —(a+8)/3
1) HBq=0K, RG (14) WTLLEELRMERSE™, W) 70
{l—(25a+10)(x2— %), 23
X, = (28 = 35a)x, — x,%; + (29a — 1)x,, (15) 40 )
.x.:3 =x,x, — (a +8)x;, i 30 /
I TR RS (15) IR, "
2) Hgx0mk, MR (14), HOBIISHFA TR S bk b b N
RGN O\\ . i T
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Ax = Bix,t =1, (16) E1 RE(15)H 3D RAHE
x = £&(s),s € [qty,ty] o Fig.1 The 3D state of system (15)
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MRS (1), B8, A4, =A+B,, F,(1x,x(qt)) =f(x) +g(x(qr)) , SHEERGA 2T RL
PGB, AT F B8 a=1, q=08, r=1, ~1,, =05, B, < BB, P =1
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i=1"Ti(qtg,qt)
-2.6t -35<-2t = ¢(1,,1), (17)
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Fig.2 The 3D state of system (14)
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