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Abstract Based on LMI method and “Descriptor form”-based Lyapunov-Krasovskii func-

tional, the problem of H
∞ controller design is discussed for nonlinear time-delay control

systems with uncertain input delay. Memoryless and memory state feedback control is de-

signed, in which the estimate of the unknown delay parameter is contained in the memory

part. At the same time, an adaptive control strategy for the unknown delay parameter of

the input vector is proposed and the sufficient condition of its solution is also presented.
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� H∞��g�K"lZ�wM���yZZ-qz^=o �wbQ.=o'TKo��=o�j�%XZ�wbQ.=o'TS��I: H∞ ilK|
�"R�%� [1∼14] s=oÆ��iliaK>Q�(h�-q-B “Descriptor form” K Lyapunov-Krasovskii�T�
7.il!K�jL�1re�Of�s�;^fu1q-Æ Lyapunov-Krasovskii�TOoG�/s?B[℄"NDn>:TJ\�oK�N���!�3-~lXw�`��e���
2 }dMb5
�-�\=oo���j
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ẋ(t) = Ax(t) +

l
∑

i=1

Aix(t − τi) +

l
∑

j=1

Gj(x(t − τj), t) + B2u(t − τl+1) + B1w(t)

z̄(t) = Cx(t) + Du(t)

x(t) = φ(t), ∀t ∈ [−τ, 0], τ = max
i=1,···,l+1

{τi}

(1)Ds x(t) ∈ Rn Hz^�~�w(t) ∈ Rn1 t{*Q.�~�u(t) ∈ Rn2 tilQ.�~�
z̄(t) ∈ Rn3 t�jPi�~�A �Ai �B1 �B2 �C �D t^�Æ:IFvTK[℄�
τi > 0, i = 1, · · · , l t�jz^=o,T�τl+1 t�jwbKQ.=o,T�E�0b2O�>f7t τ∗

l+1, �O7t τl+1∗, 2O��f7t i∗l+1 ��UI_,T τ̄l+1 > 0, τ l+1 > 0BJ 0 6 τ∗
l+1 − τl+1 6 τ̄l+1 2 0 < τ l+1 6 τ̄∗

l+1 − τl+1 -y�Gj(x(t − τj), t) t n vo��~�T�φ t�j2Cz^�T�� 1. (A, B2) e\T� 2. <O0bK{ �OK�~�T δj(x(t − τj), t) ∈ Rn2 , BJo���e�Ft Gj(x(t− τj), t) = B2δj(x(t− τj), t), 2Ot ‖δj(x(t− τj), t)‖ 6 αj‖x(t− τj)‖, �s αj > 0,

j = 1, · · · , l, t0bK_,T�x=5sK2O"ND9�} δj(0, t) = 0, j = 1, · · · , l, ∀t, 3
x(t) = 0 t�r�j (u(t) = 0) K-~� Q��y%XK�KH�ZB�TK,T m > 0, -�54-~�72K=oÆ��z^
mil�

u(t) = K1x(t) +
l

∑

i=1

Ki+1x(t − τi) + Kl+2x(t − τ̂l+1(t)) (2)
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∞ kn 239�s τ̂l+1(t) t τl+1 K�4f�˙̂τ l+1(t) 6 0, Ki, i = 1, · · · , l + 2 tC#[℄�BJ�j (1) HFTzTK� 
� ‖z̄‖2 < m‖w‖2(Wu ‖•‖2 H L2 eT), �T3wb'T τl+1 K�I:��0� 1

[6]
. ZBIFvTK X, Y , � XTY + Y TX 6 αXTX +

1

α
Y TY , ∀α > 0.

3 w+M�? (1) � (2) eJ�&�j-�

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





ẋ(t) = Ax(t) +

l
∑

i=1

Aix(t − τi) +

l
∑

j=1

Gj(x(t − τj), t) + B1w(t) + B2K1x(t − τl+1)+

B2

l
∑

i=1

Ki+1x(t − τl+1 − τi) + B2Kl+2x(t − τl+1 − τ̂l+1(t − τl+1))

z̄(t) = (C + DK1)x(t) + D

l
∑

i=1

Ki+1x(t − τi) + DKl+2x(t − τ̂l+1)

x(t) = φ(t), ∀t ∈ [−τ, 0], τ = min
i=1,···,l+1

{τi} + τ∗
l+1

(3)

= [5] s “�S�D ” Kia��
 ẋ r- x(t − τl+1) d!K� y 2 x(t − τl+1) d�K�
z }%r��

y(t) = Ax(t) +

l
∑

i=1

Aix(t − τi) + B1w(t) +

l
∑

j=1

Gj(x(t − τj), t)

z = B2K1x(t − τl+1) + B2

l
∑

i=1

Ki+1x(t − τl+1 − τi) + B2Kl+2x(t − τl+1 − τ̂l+1(t − τl+1))

(4)ZB�j (4), �%�jK Lyapunov-Krasovskii�Tt
V (xt, wt) =V1(t) +

2l+2
∑

i=1

∫ 0

−τi

∫ t

t+θ

(y(s) + z(s))TĀT
i Q−1

i Āi(y(s) + z(s))dsdθ+

γ

2
(τl+1 − τ̂l+1(t − τl+1))

2 (5)�s τl+1+i = τl+1 + τi, i = 1, · · · , l, τ2l+2 = τl+1 + τ̂l+1(t − τl+1), Āi = Ai, Āl+i = B2Ki,

i = 1, 2, · · · , l+2, K =

l+2
∑

i=1

Ki, V1(t) = xTPx, γ t-_,T�P > 0, Qi > 0, i = 1, 2, · · · , 2l+2.

V1(t) (�j (4) KGTt
V̇1(t) = 2xTP (y + z) = 2[xT (y + z)T]

[

P P1

0 P2

] [

y + z

0

]

=

2[xT (y + z)T]

[

P P1

0 P2

]

{

[

y + z

Āx − y − z + B1w

]

−

2l+2
∑

i=1

[

0

Āi

]
∫ t

t−τi

(y(s) + z(s)ds +

l
∑

j=0

[

0

Gj(x(t − τj), t)

]

}

=
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2[xT (y + z)T]

[

P P1

0 P2

] [

y + z

Āx − y − z + B1w

]

−
2l+2
∑

l=1

η
l
+

l
∑

j=1

ρj (6)�s Ā = A+

2l+2
∑

i=1

Āi + B2K, � E =

[

I 0

0 0

]

, P̄ =

[

P P1

0 P2

]

,  P1 �P2 
� EP̄T = P̄E. 
�I ˙̂τ l+1(t) 6 0, 69 V (xt, wt) (�j (4) KGTt
V̇ (t) 6 V̇1(t) +

2l+2
∑

i=1

∫ 0

−τi

[(y(t) + z(t))TĀT
i Q−1

i Āi(y(t) + z(t)) − (y(t + θ)+

z(t + θ))TĀT
i Q−1

i Āi•(y(t + θ) + z(t + θ))]dθ − γ(τl+1 − τ̂l+1(t − τl+1)) ˙̂τ l+1(t − τl+1)?7s 1 �? ηi(t) = −2
∫ t

t−τi
[xT (y + z)T]P̄

[

0

I

]

Āi(y(s) + z(s))ds, eJ
ηi 6 τi[x

T (y+z)T]P̄

[

0

I

]

Ri[0 I]P̄T

[

x

y + z

]

+

∫ t

t−τi

(y(s)+z(s))TĀT
i R−1

i Āi(y(s)+z(s))ds% τ2l+3 = 2τl+1, τl+1(t − τl+1) − τl+1 = τ2l+2 − 2τl+1 = τ2l+2 − τ2l+3,  
[xT (y + z)T]P̄

[

0

I

]

R2l+2[0 I]P̄T

[

x

y + z

]

= xTP1R2l+2P
T
1 x+

2xTP1R2l+2P
T
2 (y + z) + yTP2R2l+2P

T
2 y + 2yTP2R2l+2P

T
2 z + zTP2R2l+2P

T
2 z (7)isZB ρj = 2[xT (y + z)T]P̄

[

0

Gj(x(t − τj), t)

]

, �?=5 2 �
ρj 6 [xT (y + z)T]P̄

[

0

I

]

Tj [0 I]P̄T

[

x

y + z

]

+ GT
j (x(t − τj), t)T

−1
j Gj(x(t − τj), t) 6

[xT (y + z)T]P̄

[

0

I

]

Tj[0 I]P̄T

[

x

y + z

]

+ λmax(B
T
2 T−1

j B2)α
2
jx(t − τj)

Tx(t − τj) (8)�s Ri ∈ Rn×n, i = 1, · · · , 2l + 2, Tj ∈ Rn×n, j = 1, · · · , l, (^ [10∼13] sÆ:K Ri KvTt 2n), %_T[℄ Ri = Qi, i = 1, · · · , 2l + 2, Tj = γ̄In, j = 1, · · · , l, �s γ̄ t-_,T�?
(6∼8) J̇

V (xt, wt) 6 x̃T
Ξ x̃ + (τ̂l+1(t − τl+1) − τl+1)[γ ˙̂τ l+1(t − τl+1) + zTP2R2l+2P

T
2 z]+

γ̄−1
l

∑

j=1

λmax(B
T
2 B2)α

2
jx(t − τj)

Tx(t − τj) (9)�s
x̃ = [xT yT zT wT]T, Ξ0 =









Ξ11 Ξ12 Ξ13 P1B1

∗ Ξ22 Ξ23 P2B1

∗ ∗ Ξ33 P2B1

∗ ∗ ∗ 0









Ξ11 = P1Ā + ĀTP1 +
2l+2
∑

i=1

τiP1RiP
T
1 + lγ̄P1P

T
1
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Ξ12 = Ξ13 = P − P1 + ĀTP2 +
2l+2
∑

i=1

τiP1RiP
T
2 + lγ̄P1P

T
2

Ξ33 =
2l+2
∑

i+1

τiĀ
T
i Q−1

i Āi − P2 − PT
2 +

2l+1
∑

i=1

τiP2RiP
T
2 + lγ̄P2P

T
2 + τ2l+3P2R2l+2P

T
2

Ξ22 = Ξ23 =

2l+2
∑

i=1

τiĀ
T
i Q−1

i Āi − P2 − PT
2 +

2l+2
∑

i=1

τiP2RiP
T
2 + lγ̄P2P

T
2t%X�j (3) K H∞ `���2Cf φ(t) = 0, QZ T > 0 2�TK,T m > 0, �

JT =

∫ T

0

(z̄Tz̄ − m2wTw)dt 6

∫ T

0

(z̄Tz̄ − m2wTw + ˙̄V (xt, wt))dt =

∫ T

0

{[(C + DK1)x(t) +

l
∑

i=1

DKi+1x(t − τi) + DKl+2x(t − τ̂l+1)]
T[(C + DK1)x(t)+

l
∑

i=1

DKi+1x(t − τi) + DKl+2x(t − τ̂l+1)] − m2wTw + ˙̄V (xt, wt)}dt 6

∫ T

0

x̃T(t)Ξ̃ x̃(t)dt

(10)�s x̃T(t) = [xT xT(t − τ1) · · · xT(t − τl) xT(t − τ̂l+1(t)) yT zT wT],  V̄ =

V +

l
∑

i=1

∫ t

t−τi

xT(s)Six(s)ds +

∫ t

t−τ̂l+1(t)

xT(s)Sl+1x(s)ds, 
�I ˙̂τ l+1(t) 6 0, eJ
˙̄V 6 V̇ +

l
∑

i=1

[xT(t)Six(t)−xT(t−τi)Six(t−τi)]+xT(t)Sl+1x(t)−xT(t−τ̂l+1(t))Sl+1x(t−τ̂l+1(t))�( ∀τl+1, � τ∗
l+1 > τ̂l+1(t) > τl+1 > τl+1∗, Q� Ξ̃ = S(τl+1) 6 S′(τ∗

l+1). Ξ̃ < 0 =eJ
JT < 0, ?B τ∗

2l+3 = 2τ∗
l+1 = τ∗

2l+2, 69 y, z O Ξ̃ < 0 sZZ:K��Æi�	G Ξ̃ < 0 (Ht_:�= y + z eÆt-��"NDKvTeB-�? Schur !7s"A!eJ Ξ̃ < 0N>B-vTt (4l + 7)n K"ND ⌢

Ξ< 0, NZ ⌢

Ξ< 0 D}�i.1[℄ diag(X1 · · ·X4l+7),�s X1 = P−1
1 , Xi = X = P−1, i = 2, · · · , l+2, Xl+3 = Y = P−1

2 , Xj = I, j = l+4, · · · , 4l+7.?B (6) si*# P1 �P2 
� EP̄T = P̄E, ^���\
l�A
�I*�
�N��LWA��ePC [10] sKia� P1 = n1/n2P , P2 = 1/n2P , 3 X = n1/n2X1 = 1/n2Y , �s n1, n2 t_,T�eJ ⌢

Ξ< 0 N>B-�"ND (s?�/�):

⌣

Ξ=











Ξ̄1 Ξ̄2 · · · Ξ̄3l+4

Ξ̄
T
2 M1

...
. . .

Ξ̄
T
3l+4 M3l+3











< 0 (11)�s
Ξ̄1 =





















Σ̃1 01 · · · 0l+1 Σ̃2 B1

01 −S̄1 · · · 0 0 01
...

... · · ·
...

...
...

0l+1 0 · · · −S̄l+1 0 0l+1

Σ̃T
2 0 · · · 0 Σ̃3 B1

BT
1 01 · · · 0l+1 BT

1 −m2I




















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Ξ̄

T
i+1 = [01 · · · 0l+2 n2AiX 01 · · · 0i], Mi = −τ−1

i Qi, i = 1, · · · , l

Ξ̄
T
l+i+1 = [01 · · · 0l+2 n2B2Ui 01 · · · 0l+i], Ml+i = −(τ∗

l+i)
−1Ql+i, i = 1, · · · , l + 2

Ξ̄
T
2l+4 = [n2/n1(CX + DU1) DU2 · · · DUl+2 01 · · · 02l+4], M2l+3 = −In

Ξ̄
T
2l+4+i = [01 · · · 0i X 01 · · · 03l+6], M2l+3+i = −γ̄(λmax(B

T
2 B2)α

2
i )

−1In, i = 1, · · · , l

Σ̃1 = n2/n1(A +
l

∑

i=1

Ai)X + n2/n1

l+2
∑

i=1

B2Ui + n2/n1X(A +
l

∑

i=1

Ai)
T + n2/n1

l+2
∑

i=1

(B2Ui)
T+

l
∑

i=1

τiQi +
2l+2
∑

i=l+1

τ∗
i Qi + (n2/n1)

2
l+1
∑

i=1

S̄i + lγ̄

Σ̃2 = n2/n1(n2 − n1)X+n2/n1X(A+

l
∑

i=1

Ai)
T+n2/n1

l+2
∑

i=1

(B2Ui)
T+

l
∑

i=1

τiQi+

2l+2
∑

i=l+1

τ∗
i Qi+lγ̄

Σ̃3 =

l
∑

i=1

τiQi+

2l+2
∑

i=l+1

τ∗
i Qi−2n2X+lγ̄, Ui =KiX, i=1, · · · , l+2, S̄i = XSiX, τ∗

l+1+i = τ∗
l+1 + τi,

i = 1, · · · , l. �℄12oGeJÆ� 1. ZB�wbQ.=o'T τl+1 Ko��=o�j (1), -�<O[℄ Ui,

i = 1, · · · , l + 2, _T[℄ X , Qi, i = 1, · · · , 2l + 2, S̄i, i = 1, · · · , l + 1, 2_,T γ̄ �n1 �n2,BJ��[℄"ND (11) -y�Z τl+1 K�I:�e%t
˙̂τ l+1 = −

1

γ
z(t + τl+1)

TP2Q2l+2P
T
2 z(t + τl+1) (12)!TK,TBJ τl+1 K�4f τ̂l+1(t) 
� τ∗

l+1 > τ̂l+1(t) > τl+1 > τl+1∗, ∀t > 0, Q��=o�j (1) He\TK� H∞ ��g��B�TKO m. il�%t (2), 
mR5[℄t�
Kj = UjX

−1, j = 1, · · · , l + 24��e1b3�1%�I:�D (12),  FD Ξ < 0 -y=�jHe\TK�S-$�F w(t) = 0 =�� V̇ (t) = V̇ (xt, 0) < 0, W==o�j (1) �%HFTzTK�e1b3�-�<O[℄ Ui, i = 1, · · · , l +2,_T[℄ X , Qi, i = 1, · · · , 2l +2, S̄i, i = 1, · · · , l +1, 2_,T γ̄ �n1 �n2, BJD (11) -y� Z τl+1 K�I:�e%tD (12) =Q ⌢

Ξ< 0, ��=o�j (1) He\TK (? Schur !7seb Ξ̃ < 0 ��} Ξ < 0 KN),  H∞ ��g��B�TKO m. = Matlab 0EsK LMI �^�eWJ[℄ Ui, _T[℄ X , 3eWJ
Ki = UiX

−1, i = 1, · · · , l + 2, P = X−1 = n2/n1P1 = n2P2, ? S̄i = XSiX eJ Si = PS̄iP ,

i = 1, · · · , l + 1. �℄12oGe1b3D�i�`� γ > 0 K<O��-��&�j (5) H�%zTK�Q�℄ x(t) → 0, (t → ∞) 12 (12) eJ ˙̂τ l+1(t) →

0(t → ∞) ,3F�jzT τ̂l+1(t) �"�$B�� ? (12) eb ˙̂τ l+1(t) 6 0, 69 τ̂l+1(t)-e�Hej�jzT�9=�f,=Iz^f�,3 lim
t→∞

τ̂l+1(t) = τ∞ <O12
τ∞ = τ̂l+1(0) −

1

γ

∫ +∞

0

z(t + τl+1)
TP2Q2l+2P

T
2 z(t + τl+1)dt = τ̂l+1(0) −

1

γ
N(φ) (13)6t x(t) → 0, ẋ → 0(t → ∞), 	? (4) eb<O_,T M̄ , λ, B ‖z(t + τl+1)‖

2 < M̄e−λt,

∀t > 0, M̄ H?�j'T'TK,T E�jK2C�T φ K!%���	eJ
N(φ) =

∫ +∞

0

z(t + τl+1)
TP2Q2l+2P

T
2 z(t + τl+1)dt 6 λmax(P2Q2l+2P

T
2 )

M̄

λ
(14)
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∞ kn 24369 N(φ) ZHe�4K�? (13) -�!% γ−1 6 max

ϕ∈CR[−τ,0]
{(τ̂l+1(0) − τl+1)/N(φ)}, Q�

τ∞ > τl+1 > 0(^ τ̂l+1(t) Ct�H�69 τ̂l+1(t) > 0). WZ��_,T γ > 0 H<OK� e1;�TK�j2T4O�O0�2K2C�ToS��4� �9 1. ?B z H x(t − τl+1) d�K��69 z(t + τl+1) He)~K�9pOZwb'T τl+1 7.�I:�=��Æ=5 τ̂l+1(t) > τl+1, U� τl+1 wbEO�::=se1��
τ̂l+1(0) = τ∗

l+1, O_,T γ > 0 K!%s� γ−1 6 max
ϕ∈CR[−τ,0]

{(τ̂l+1(0) − τl+1)/N(φ)}, E τl+1HwbK�^ {(τ̂l+1(0)− τl+1)/N(φ)} 6 {(τ̂l+1(0)− τl+1∗)/N(φ)}, 69O# γ K�4f=e1% γ−1 = max
ϕ∈CR[−τ,0]

{(τ̂l+1(0) − τl+1∗)/N(φ)}. 69�I:� (12) He��K�9 2. O#N[℄"ND (11) =�tAD�D�e� n1 = 1(,�℄_f), ^=VYa#N n2: 3Z n2 5-2f��W�-r��" (- 0.01t-?}�"), ej LMI(11) �e�Nth�Fo��&K��wb'T τl+1 K%r=�3�jz^i/t






















ẋ(t) = Ax(t) +

l
∑

i=1

Aix(t − τi) +

l+1
∑

j=1

Gj(x(t − τj), t) + B2u(t − τl+1) + B1w(t)

z̄(t) = Cx(t) + Du(t)

x(t) = φ(t), ∀t ∈ [−τ, 0], τ = max
i=1,···,l+1

{τi}

(15)- Gl+1(x(t − τl+1), t) = Gl+1(x(t − τl+1)) 3i� x(t − τl+1) ���Q (4) s z �t
z =B2K1x(t − τl+1) + B2

l
∑

i=1

Ki+1x(t − τl+1 − τi)+

B2Kl+2x(t − τl+1 − τ̂l+1(t − τl+1)) + Gl+1(x(t − τl+1))9= (8) se% T−1
l+1 = γ̃(τ̂l+1(t− τl+1)− τl+1)In, �s γ̃ t-_,T� (9) sK�Tt lγ̄ K%rN<2�Tt [γ̃(τ̂l+1(t − τl+1) − τl+1)]

−1 KÆ:%r (O (11) sn>t (γ̃τ l+1)
−1), W) (12) s<2 −

γ̃

γ
‖Gl+1(x(t))‖2, 3e13n>-:o�����D`��/ETs 1 -)�- Gl+1(x(t − τl+1), t) (�F�=g t ���Q (4) s z "��9p�(8) ,\-�

GT
l+1(x(t − τl+1))Gl+1(x(t − τl+1)) = δl+1(x(t − τl+1))

TBT
2 B2δl+1(x(t − τl+1)) 6

λmax(B
T
2 B2)‖δl+1(x(t − τj))‖

2 6 λmax(B
T
2 B2)α

2
l+1‖x(t − τl+1)‖

269D (9) sK V̄ = V +

l+1
∑

i=1

∫ t

t−τi

xT(s)Six(s)ds +

∫ t

t−τ̂l+1(t)

xT(s)Sl+2x(s)ds Æ: x̃T =

[xT xT(t − τ1) · · · xT(t − τl+1) xT(t − τ̂l+1(t)) yT wT], ?Ts 1 eJ(� 1. ZB�j (15), Ts 1 +(-y�6� S̄i K~TR<j l + 2, �!*#K��[℄"ND? (11) �t
Γ =

[
⌣

Ξ Γ1

Γ
T
1 Γ2

]

< 0 (16)�s Γ2 = −γ̄(λmax(B
T
2 B2)α

2
l+1)•In,

⌣

Ξ sK Ξ̄1 R<Z:B xT(t − τl+1) K-v�Γ
T
1 =

[01 · · · 0l+1 X 01 · · · 03l+6], �D`��/ETs 1 K-)�Wu"N|S�



244 � Y % $ � 32`9 3. Fz^=b'T τi, i = 1, · · · , l wb^Q.=o,T τl+1 0b=�z^
mil�:t u = K1x(t) +

l
∑

i=1

Ki+1x(t − τ̂i). Fz^=b'T τi, i = 1, · · · , l �Q.=o,T
τl+1 awb=�z^
mil�:t u = K1x(t) +

l
∑

i=1

Ki+1x(t − τ̂i) + Kl+2x(t − τ̂l+1). W=*&=\'TK�I:��^�yA<.�o��&K�- (3) sT4Ko���K2Owb�"lG�<wM�[9] sZ-q"'T\=oo���jS��Zo���K2OK�I: H∞ ilK%X�E&=KH8jK Lyapunov-Krasovskii�T�̂  *Z�j[℄ A KS�rN�L��-T�N���BWiÆS-$K%XGO�\yTsS��
4 mYAx
�E (1) ÆtK=o�j��s l = 1, τ2 wb�τ1 = 0.4, A =

[

0 0

0 1

]

, A1 =
[

−1 −1

0 −0.9

]

, B1 =

[

0.2

0.2

]

, B2 =

[

0

0.1

]

, τ2 = 0.8, τ∗
2 = 0.999, τ2∗ = 0.6, C = [0 1], D = 0.1,

G(x(t − τ1)) =
√

|x1(t − τ1)x2(t − τ1)| 6 B2•0.4472‖x(t − τ1)‖, % m = 1.6, 
W�T℄B.
LMI(12), � n1 = 1, n2 = 0.1 ��?}�" (0.01) eI LMI(11) �e�N�

P =

[

0.1301 0.0130

0.0130 2.1896

]

, K1 = [0.0181 − 5.3367], K2 = [−0.0002 − 0.0017]

K3 = 1.0e − 003 ∗ [−0.0417 − 6755], γ̄ = 0.0167, Q4 =

[

0.0220 0.0003

0.0003 0.0001

]9= n2 = 0.71. % τ̂2(0) = τ∗
2 = 0.999,

[

φ1(t)

φ2(t)

]

=

[

2 sin[4π(t − τ)/τ ]

−3 cos[4π(t − τ)/τ ]

]

, eJ M̄ = ‖z‖t=0 =

‖ẋ − y‖t=0 = 1.2222, % λ = 0.0729, Q? (14) e�W3 N(φ) = 0.0156, 69e% γ−1 =

max
ϕ∈CR[−τ,0]

{(τ̂2(0) − τ2∗)/N(φ)} = 25.5754 3 γ = 0.0391. lXZJ�jz^ x(t) �'T�4
τ̂2(t) r�Dm 1(a) �(b).

n 1 (a) �l{_
Fig. 1 (a) State of the system

n 1 (b) x
?q(U�6
Fig. 1 (b) Estimate of the unknown delay parameter;mse!�b3�jz^O�yZ54K�I: H∞ il��=��t���KL|�τ2 K�4f τ̂2(t) ; τ∗

2 DS�H���B τ2(∞) > τ2.
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5 MG�yZZ-qQ.=o'T"'TKo��=o�j�v= [5] sa3K-u-B
“Descriptor form” K Lyapunov-Krasovskii f��/pB=oK��[℄"ND (LMI) ia�JI��&�jzT 
� H∞ ��g�K1rgE�lT�Zwb=o'TK�I:��
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