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    Appendix
  

Proof of Theorem 1:
asChoose a Lyapunov-Krasovskii functional candidate 

 

V(t, x(t)) = xT (t)Px(t)+η2
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ẋT (s)Wẋ(s)ds
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ẋT (v)Ri ẋ(v)dvds

− π
2

4

w t−η1

ikh
[x(s)− x(ikh)]T W[x(s)− x(ikh)]ds (16)

η0 = 0 V(t, x(t))where , the time derivative of  is
 

V̇(t, x(t)) = 2xT (t)Pẋ(t)+ xT (t)Q1x(t)

− xT (t−η1)Q1x(t−η1)+ xT (t−η1)Q2x(t−η1)

− xT (t−η2)Q2x(t−η1)+
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(ηi −ηi−1)2 ẋT (t)Ri ẋ(t)
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ẋT (v)Ri ẋ(v)dv

+η2
2 ẋT (t)Wẋ(t)+ eT (ikh)Φe(ikh)− eT (ikh)Φe(ikh)

− π
2

4
[x(t−η1)− x(t−η(t))]T W[x(t−η1)− x(t−η(t))].

(17)
For zero-initial state and define J as

 

J =
w +∞

0
yT (t)y(t)dt−γ2

w +∞
0
ωT (t)ω(t)dt

=
w +∞

0
(yT (t)y(t)−γ2ωT (t)ω(t)+ V̇(t, x(t)))dt

−V(+∞, x(+∞)) (18)

ϱT (t) = [xT (t), xT (t−η1), xT (t−η(t)), xT (t−η2),
eT (ikh),ωT (t)] X = P−1 XQiX = Q̂i XRiX = R̂i XΦX = Φ̂ XUX =
Û Y j = K jP−1 {X

R−1
1 R−1

2 W−1 I}
XR̂−1

i X XŴ−1X V(+∞, x(+∞)) ≥ 0
J < 0

Lemma  1  and  Jensen  inequality  are  adopted  to  relax  the  integral
term  in  (17).  Define 

, , , , , 
 and . Pre- and post-multiply (17) by matrix diag  X X

X X I     and  its  transpose,  respectively.  Lemma  2  is
used to deal with terms  and . For ,
using Schur complement, the sufficient condition for  is
 

l∑
i=1

l∑
j=1

ϱT (t)ϑi(ϑ j + ϵ j)Π̂i jϱ(t) < 0 (19)

Π̂i j S i j > 0
ϑi j = ϑiϑ j

where  is  detailed in Theorem 1. For  and condition (12),
setting , one can have
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ϑi j[Π̂i j + ϵ j(Π̂i j +S i j)− ϵ jS i j]

≤
l∑

i=1

l∑
j=1

ϑi jΛi j (20)

Λi j
Ti j > 0

where  is  detailed  in  Theorem  1.  Utilizing  linear  piecewise
approximation  method  mentioned  in  Proposition  1,  for  and
condition  (13),  a  sufficient  condition  for  guaranteeing  the  negative-
ness of (20) is given as
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i=1
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(ϑ̂i j +∆ϑi j)Λi j

=
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[ϑ̂i jΛi j +∆ϑi j(Λi j +Ti j)−∆ϑi jTi j]

= ζϖp{
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[ϑ̂i j(zi1...ipψ)Λi j +∆ϑi j(zi1...ipψ)

(Λi j +Ti j)−∆ϑi j(zi1...ipψ)Ti j]}
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ζϖp =
∑ϖ
ψ=1
∑2

i1=1 . . .
∑2

ip=1
∏p

r=1 vrirψ(zr)[
R2 ∗
U R2

]
> 0 {X X}

where . Thus, condition (14)
is obtained. Moreover, when using Lemma 1, pre-multiply and post-

multiply  by  matrix  diag   and  its  transpose,

respectively. Condition (15) is obtained. ■
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