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ABSTRACT

In this paper, we defined exponential stability for nonlinear time-delay systems with delayed impulses. We derive the
Lyapunov-based sufficient conditions for exponential stability. We show that the nonlinear impulsive time-delay system
without impulse input delays is exponentially stable under the conditions. It is shown that the stable nonlinear impulsive time-
delay system. It is a magnitude of the delayed impulses is sufficiently small, under the same conditions. The delayed impulses
do not destroy the stability of the sizes of the impulse input delays.

Keywords— Impulsive systems, Delayed impulses, Exponential stability

1. INTRODUCTION

The impulsive systems are dynamical systems that are typically described by ordinary differential equations with instantaneous
state jumps. An impulsive system has important applications in various fields, communication constraints. The impulsive control
based on impulsive systems. We can provide an efficient way to deal with plants cannot endure continuous control inputs.

Assumption: 1
The delay d(t) is time-varying satisfies:

‘dy <d(@t)<dy dit)<pu
Where 0 < d; < d, and p > 0 are known constants.

Assumption: 2
The activation function g;(,, (1 = 1,2, ..., n) satisfies

__9i(81) —gi(S)

0; < Sl —SZ < o; (11)

Forany S;,S, €ER,S; # S,.
Where o;” and o;* are known constants.
Moreover, we assume that the initial condition of the system (1) has the form

u(t) = (P(t)' te [_dZIO]
Where function ¢(t) is continuous.

Then, by using the well-known Brouwers fixed-point of the transformed system and u* is an equilibrium point of a system (1). For
the sake of simplicity in the exponential stability of the system. We make the transformation x(.) = u(.) — u*then we have

x(t) = —Ax(t) + Bf (x(0)) + Cf (x(t — d(©))) (1.2)

Where x(t) = [x,(t), ..., x,,(t)] € R™the state vector of is transformed system and u* is an equilibrium point of system. Note that
i) = 9;(5® + ) — g;(w))
with £;(0) =0,(j = 1,2,..n).

From condition, f;(.) satisfies the following condition:
iS
(r,-‘sf’()s(r;vSeR,jj-(O):o (1.3
S
It is obvious that the equilibrium point of the system is exponential stable if and only if the zero solution of the system is
exponential stable.

© 2018, www.IJARIIT.com All Rights Reserved Page | 252



file:///C:/omak/Downloads/www.IJARIIT.com
https://www.ijariit.com/?utm_source=pdf&utm_medium=edition&utm_campaign=OmAkSols&utm_term=V4I5-1264
mailto:deepi424594@gmail.com
mailto:ramadevimurugan@gmail.com
mailto:meharizh@gmail.com

Deepika D. et al.; International Journal of Advance Research, Ideas and Innovations in Technology
Definition
The equilibrium point of the system is said to be exponentially stable if there exist positive scalars ¢ and k such that
lu(®) —u’ll < cllp(8) —u*lle™
Furthermore, k is called the exponential convergence rate.

Definition
For a given impulsive time sequence {t,}, the trivial solution of system is said to be Exponentially Stable (ES) if there exist
positive scalars p,, M, and A such that

ll$ll: < po.

Lemma
Consider the system
x(t) = f(t,x0), t > to, t * ty,
Satisfying (4;)-(4;) Assume that {t,} € sin(Bo) and (I, — 1B, < d < 1yB, for some positive integer I,.
Let o = (1 + h)leek14,

Then for any ¢ € PC ([-7,0], B(P/p)). 1X(t,t0, @1 < oliplle, € € [t — 7,8 +dl.

Proof

SetX(t) = X(t, ty, P).

Since (Iy — 1)B, < d < 1By, the maximum number of impulse times on the interval (t,, to + d] isl,.
We assume that the impulsive instants on (t,, to + d] are t;,i = 1,2,...,m,m < l,.

Note that |x(ty)| = |¢$(0)| < p.

By the continuity of x(t) on [t,, t;) , for small enough & > 0.
We have |x(t)| < p fort € [ty — T, t, + &).we assert that |x(t)| < p for[t, — T, t;).

Otherwise, there exists t; € (t,,t;) such that |x(t)] < p fort € [ty — 7,t7) and |x(¢7)]| = p.
Fort € [t,, t;] and 6 € [—7,0]. when t + 6 < t,.
We have
lx(t + 0)| < llgll

Whent + 6 > t,,
By

x(t) = f(t, x0), t > to, t # by,
And using (4,), we get

t+6 t
(e + 6)] = |X(to) + f F(s.X)| < lgll, + f K, |1X; |l ds
to to

It follows that,
t

IXelle < llpll- + lellellrdS fort € [to, t1].
to

Applying the Gronwall inequality gives

I1Xelle < llpllerEt0), t € [t t1],
This implies
XDl < (Plo)efat < p
This is a contradiction.
Thus |X(t)| < p fort € [ty — T,t,).

We have,
1Xcll: < gl et ¢ € [tg, y).
By
X(@®) = ge(X(t)),X(t —di)7), t=t,kEN
And using (4s),
We get
1X(t)] < (14 h)l|pll g2 tr=to),
Hence
X < (1+h)lgpll.eXr7), ¢ € [ty 4],

Repeating the above argument gives that for t € [tg, t,,.],
X(O] < (1+R)"llgll.e¥i@t0) < (1+F)° [ ll ekt

Since there are no impulses on (t,,, to + d],
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We obtain,

IX(@©)] < (14 R)°lIpll Xt < (14 k) °ekad||pll,,  fort € [to—,t, +d].
Hence the proof

2. CONCLUSION

In this paper, we defined the exponential stability and exponential stability of impulsive time-delay systems. We show that the
exponential stability of impulsive time-delay systems. We magnitude of the delayed impulses is sufficiently small and the impulse
input delays are bounded. For the sake of simplicity in the exponential stability of the system
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