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On The Design of A Reduced Order [, Filter for Systems with
Unknown Delay

A. Alif, M. Darouach and M. Boutayeb

Abstract—In this note we investigate the filtering prob-
lem for linear time-delay systems. Unlike most of the
existing results, we consider systems with an unknown
and constant delay. From the Razumikhin stability theorem
and some judicious mathematical manipulations, a reduced
order H, filter able to ensure the asymptotic stability and
the pre-specified H,, performances of the filtering process
is designed. Also the maximal allowable delay preserving
the asymptotic stability is given. A numerical example
is provided to show the effectiveness of the proposed
technique.

Index Terms—H ., Filtering, Time-delay systems, Un-
known delay, Rasumikhin stability analysis, linear matrix
inequality.

I. INTRODUCTION

The filtering problem for systems with time delay has
been source of attraction and extensively studied in the
past few years. Indeed, a large number of relevant control
design methods such as state feedback stabilization need
the knowledge of the entire system state. Unfortunately, for
technical and economical reasons, this is not the case in
several practical situations. To deal with, tremendous re-
search activities on filtering design have been reported in the
literature and assure satisfactory estimation performances
in the presence or not of uncertainties and/or external
perturbations. We refer the reader to recent advances in this
field (for example , [1], [2], [3], [4], [5], [6], [7], [8], [9],
[10]) and the references therein. The basic tools used mainly
in these works were the Kalman filter and the H, filtering
theory. However most of the reported results within this
framework of study concern full order observers design with
few extensions to the reduced-order case (see [11]), whereas
the advantage of the use of the latter is clear at different
heading especially from computational requirements point
of view. Moreover, it is worth noting that almost the totality
of the investigations in the filtering processes concern the
class of delayed systems with a known constant or varying
delay, whereas little attention has been paid to the problem
of filtering of systems with an unknown delay. Indeed
dealing with such problem leads to further complications
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compared to the classical filtering problem, for instance the
form of the filter that must not contain the delay since
it is unknown, which complicate the task. To cope with
this problem, straightforward approaches have been nicely
developed in [12] and [13]. That in [12] consists in using a
delay-independent filter, that leads as noticed by the authors
themselves to conservative assumptions. In [13] a robust
delay-dependent H, filtering design has been proposed,
based on the descriptor model transformation, with less
conservative conditions.

In this paper, we present an alternative and complementary
approach to those proposed in the aforementioned papers,
based on the Razumikhin stability Theorem. It is worth
noting that the systems considered in this note are in the
general form in which the delay is constant and unknown.
Sufficient conditions given in terms of linear matrix inequal-
ities LMIs and scalar constraints are derived to guarantee
the asymptotic stability of the estimation errors, and that
the induced L£o-norm of the system relating the exogenous
signals to the estimation errors is less than a prescribed
level. Furthermore the maximal allowable delay keeping the
asymptotic stability of the filtering errors and the system
states is given. The interest of the proposed approach
lies in its novelty and on the fact that it can be easily
extended to deal with the robust filtering problem. The
organization of this paper is as follows. Section 2 gives the
problem statement and some lemmas which will be used
in the course of the paper. Section 3 presents the main
results which provide sufficient conditions to achieve the
asymptotic stability and the disturbance attenuation level in
the filtering process. Furthermore an explicit expression of
the upper bound of the unknown time delay is derived while
preserving the asymptotic stability property. Section 4 gives
an illustrative example to illustrate our results. Finally, the
conclusion is given in section 5.

II. PROBLEM STATEMENT

The linear continuous time-delay system considered here
is described by:

x(t) Az(t) + Agz(t — 7) + Byw(t) (l.a)
z(t) = o), t € [—h,0] (1.b)
yt) = Cx(t)+ Cazx(t — 1)+ Cpw(t) (l.c)
2(t) = Lx(t) (1.d)

where z(t) € IR™ is the state, w(t) € L]0, 00) is the ex-
ogenous disturbance signal, y(t) € IR™ is the measurement
and z(t) € IR" is the signal to be estimated, with r < n.
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A, Ay, C, C4, By, Cy, L are known constant matrices
with appropriate dimensions, the time delay 7 is unknown
and constant and satisfy 7 € [0, k], where h is a positive
constant scalar, ¢(t) is a continuous vector function.

For the filtering purpose, we consider the following
reduced-order filter:

2(t) = N2(t) + Dy(t) 2)

where Z is the estimate of z, and the constant matrices
N and D are the filter matrices to be determined. Let
e(t) = z(t) — 2(t) be the filtering error vector. The problem
is to find a filter of the form (2), that guarantees the
asymptotic stability of the estimation errors, and ensures
for a prescribed value of +, that the following performance
index is negative

J(w) = / (eTe — v*wTw) dt,
0
It follows from (1) and (2) that

é(t) = Ne(t) + (LA — DC — NL)x(t)
+(LAg — DCy)a(t — 1) + (LBy — DCy)w(t). (3)

Vw(t) € £3]0, 00)

Then using the Leibniz-Newton formula and some integral
manipulations, equations (3) and (1.a) can be rewritten as
follows

é(t) = Ne(t) +
_ / " (LA - DCaA)a(s) ds
t—h

(L(A+ Ag) — D(C + Cy) — NL)(t)

t—T1
+ / (LA4A — DCyA)x(s)ds
t—h

t
—/ (LA¢By — DCyB,,)w(s) ds
t—1

+ (LBy — DCy)w(t),
4)

t
#(t) = (A + Aa(t) — / AgAz(s) ds
t—h
t—T1 t
+ / AqAx(s)ds — / AgAgx(s —1)ds
t—h t—T1
t
- / AgByw(s)ds + Byw(t).
t
4)

Thus we deduce from (4) and (5) the following augmented
system:

t
talt) = Azalt)+ / Ayza(s)ds + F
t—h
t
- gww(s) ds + Eww(t) (6.2)
t—T1
za(t) = Cuxa(t) (6.b)

where

)= ii’; } (1.0)
a_ i zg L(A+ AJ) A+(id+ Cy) — NL }(7.b)
i 8 Dcdil—dedA ] | o
8o i LAdBi,ld—BfodBw } | a0
Ew:-L DC ] (7.€)

C, = | IT (7.)

F o= { ﬁ } (7.2)

t—r

Afl = /tih (LAdA DOdA)l‘(S) ds

t
7/ (LAdAd - DCdAd)l’(S - T) dS, (7h)
t—T1

t—1 t
Afy :/ AqAx(s)ds f/ AgAqx(s — 7)ds. (7.4)
t t—7

—h

Let z4,(s) = xq(t + 5), Vs € [-2h,0] and ||z, |, =
sup—_an<s<ol|a(t + s)|.

The filtering problem then becomes one of finding the filter
parameters, such that the asymptotic stability and £o norm

~ attenuation level of the system (6) are guaranteed.

III. MAIN RESULTS

In this section, the filtering problem as has been described
above will be discussed and solved. Sufficient conditions to
achieve this goal are presented in the following theorem in
terms of linear matrix inequalities and scalar constraints.

Theorem IIL.1 For a prescribed v > 0, and any constant
but unknown time delay, 0 < 7 < h, where h is a known
positive scalar, if there exist positive definite symmetric
matrices P, € IR™*", P, € IR" ", and matrices X €
R™™ Y € IR™™", S19, T12, Uyo € IR"™™", and symmetric
matrices S11, T11, U11 € IR™", and S92, Too, Usg € IR
that satisfy the following four conditions

Dy * * *
a1 P2 * *
0 [OF0) —h*1511 * <0, ®)
0 7P2AdA 7h715?2 7h71522
—'yzfq * * * *
Wa1 —h 1Ty, * * *
P, AyB,, —h_lTlg _h_1T22 * * <0,
\1’41 0 0 —U11 *
PB, 0 0 ~UL  —Usy
9
Amin(P) # h)\maI(WTS_1W), (10)
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Amin(Q) — 2haAmas (P)(|LAGA — DCA|
#ILAsdd = DCuAd + 140 +1Aaal) >0, |

where
Q >0, (12)
with
0 = —(VT YV 4+ h(WTS™IW + S 4+ T)
+CIC, +U), (13)
Py = YT +Y +h(S11+Tu)+ Ui + I, (14)
Dy = (A+A)"L"P — (C+Cy)" X" - LTYT
+h(Sty + T1) + Uis, (15)
Dy = (A+ Ag)" P+ Py(A+ Ag) + h(Sa + Tho)
+Uss, (16)
d3 = XC4A— P LAZA 17
Uy, = PILA;B, — XCyBy (18)
¥y = PLB,—XCy (19)
.= | Amas (P) e
Amin (P) - h)\maw(WTS_lw) ’
(20)
[P oo
P = o0 P, ] (21
v - Y PIL(A+Ay) —X(C+Cy)—YL
L0 Py(A+ As) ’
(22)
[0 XC4A-PLAA
V=10  —Raa : @3)
S11 S12 Ty Tho Ui Ur2
[S£522:|’ |:T‘1,1;7722:|7 |:U12U22:|
(24)
Then system (6) is asymptotically stable and

|H. w(s)|lco < 7. Moreover the matrices N and D
of the filter (2) are given by
N =
D =

Py,
PrlX.

(25.2)
(25.b)

Remark IIL.2 Thanks to the Schur Complement lemma, the
existence of Q satisfying (12) and (13) is guaranteed if the
LMI (8) holds.

Proof of Theorem 3.1: For more clarity, the proof will
be presented into two parts. In the first one we deal with
the asymptotic stability problem of system (6), while in
the second part, the H,, performance will be tackled. At
the outset we assume that all the conditions of theorem
1.1 are satisfied and without loss of generality, let ¢(t) =
2(t) = w(t) = 0, ¥t € [—h,0], thus we have x,(t) =
w(t) = 0, V& € [=h,0]. It is worth noting that for
the asymptotic stability analysis, the Razumikhin stability

theorem (see [14]) will be used. We adopt the following
Lyapunov-Rasumikhin function candidate:

V(ta xa(t)) = Vvl(ta xa(t» + Vv?(tv xa(t))a

Vit,zo(t)) =

(26)
27)

(t)Pxo(t)
o (t, ot 0)AT PSP Ayx,(0) A6 ds,

/ n/+s
(28)

where P and S are given in (21) and (24). It is obvious
that there exist ; and 7y such that

mlzal* <Vt 2a(t) < n2llza, |7,

for instance, take 7, = Amin(P) and n2 = Apao(P) +
PAmaz (AT PSTIPA,).

On the other hand, differentiating (26) with respect to ¢
along the trajectories of (6.a), we obtain:

V(t,24(t)) = 2L (t)(ATP + PA+ hAL PS~'PAy)a,(t)

t
+2 / 2T () PAyza(s)ds + 227 (t)PF (29)
t—h

¢
—/ 2 (s) AL PST P Ayx,(s) ds (30)
t—h

t
9 / T () PByw(s)ds + 22T () PBuw(t), (1)
t—7

and it is readily checked that the following inequality
22T (t)PAqza(s) <
2T (1) Szq(t) + 2L (s) AT PSP Az, (s),
holds. On the other hand, using (7.g), (7.h) and (7.i), it is
straightforward to see that
20l () PF < 2h\ae(P)(|[LAGA — DCA||+
ILAgAa — DCyAall + [|AdAll + ”AdAd”)Hxa””xatHT('é?’

(32)

On the other hand, for the linearization purpose, remark that
in view of (7.b), (7.c), (21) and (25) we have
PA =V (34)

PAy, = W (35)
where V and W are given in (22) and (23). Therefore by
combining (31), (32), (33), (34) and (35), we deduce the
following bound of V' (¢, z,(t)):
Vit zq(t) <zl () (VT +V + hWTSTIW 4 hS)z,(t)
+ 2h)\max(P)(HLAdA - DCdAH
+ I1LAqAs — DCaAall + | AaAll + [AaAalDllzalll|za, [l

t
—2 / 2T (t)PByw(s)ds + 22T (t)PByw(t).
t—7 (36)

Remark II1.3 Our aim can be summarized as follows, find
q > 1 and p > 0 such that

V(t,2a(t) < —pllza(®)]?

V(%xa(?/))) < qV(t, ‘ra(t))7 WJ € [t - 2h7t]7
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indeed, according to Razumikhin theorem see [14] for more
detail, the uniform asymptotic stability of the equilibrium
state x,(t) = 0 is then guaranteed.

Assume that V (¢, 24 (v)) < ¢V (t,24(t)), V¢ € [t—2h,t],
then by using standard norm inequalities, and under the
following condition

)\min(P) # qh/\mam(WTsilw)a (37)
one can deduce that
[Za,llr < B(@)zall, (38)
where
)\’ULGIL' P 1/2
Blq) = q &)

Amin(P) — @hAmae (WTS—IW)
where |.| denotes the absolute value operator. On the other
hand, due to (13), we deduce the existence of the matrix

R=Q+CTC,+hT+U >0, (39)
such that

—R=VT 4V +hWTS W + hS. (40)

Then combining inequalities (36), (38) and equality (40),
the inequality (36) implies that

V(t,za(t) <

_()\min(R) - 2h/6(Q)AI'TL(l.L (P)(HLAdA - DCdAH
+HLAdAd — DCaAd| + | AaAll + [AaAal))[lzal?
—2ft . xl )PB w(s)ds + 221 (t) PB,w(t),

(4D
and then from the above inequality and under condition
(37), we can deduce that for w(t) = 0, the asymptotic
stability of the augmented system (6) is guaranteed if the
following condition holds

f(Q) = >\'rrLin(R) - Qhﬂ(Q)/\mai(P)(”LAdA - DCdAH
+[LAaAa — DCaAa| + || AdAll + [[AgAall) > 0. )
However by using the two following facts: first due to
condition (10), f(g) is continue at the point ¢ = 1. On
the other hand in view of (39) and condition (11), we can
deduce that
f(l) = )\mm(R) - Qh(l)\maw(P)(HLAdA - DCdAH
+|LAGAs — DCaAq|| + [[AdAll + [|Aadal)) > 0,

where « is defined in (20). Then the existence of £ > 0, as
small as it can be, is guaranteed such that for ¢ = (1 +&)?
the condition (42) holds. Furthermore it is noticed that for
& close to zero, the conditions (10) and (37) are equivalent.
In other words sufficient conditions to satisfy (42) are
conditions (43) and (10). However sufficient condition to
satisfy (43) is that condition (11) holds. Then to summarize
for w(t) = 0, if V(¢,z,(¥)) < qV(t,x4(t)), Vo €
[t — 2h,t], where ¢ = (1 + &)? and & > 0 close to zero,
then conditions (10) and (11) guarantee the existence of

1= Amin(Q) — 2had e (P)(||LAgA — DC4A]|
+H[LAgAs — DCaAql + [|AaAll + [|AgAall) > 0

such that V (t,24(t)) < —pul|za(t)]|%. On the other hand it
is noticed that a necessary condition to satisfy (11) is that
(12) holds, which in view of Remark III.2 is guaranteed if
LMI (8) is satisfied. Therefore the asymptotic stability of
system (6) is guaranteed by conditions (8), (10) and (11).
This completes the first part of the proof. A
In the second part, the purpose is to check that
|1 Hpw(8)]|oo < 7, Yw(t) € L£3]0,00), where ~ is the pre-
specified upper bound, is guaranteed under the criteria given
in Theorem III.1. In this situation, the filtering error system
is said to have a guaranteed -y level of disturbance attenua-
tion. This problem can be formulated also as follows, find
a criterion that will ensure that the following performance
index is negative

/w(zf(f)za(t) — 7w (w(t)) dt, Vuw(t) € L£3[0,00]

’ (44)
/ / 0)BT PT~'PB,w(0)df ds,

t+s (45)

where T is defined in (24). Since z,4(t) = w(t) =0, Vt €

[—h,0], we have V(t,z.(t)) = V(t,w(t)) = 0, Vt €

[~h, 0], and it is obvious to see that V' (d,7,(d)) > 0 and
V((5 w(d)) > 0. Then we can deduce that

o GE ()za(0) = v (Du() de
< DT (OCT Caa(t) — 7w (Do (1)

+V(t,ma( ) + V(t,w(t)))dt.
Therefore combining (36), (38) and the two following
inequalities
22T (t)PB,w(s)
el ()T x, (t) + w”
227 () PB,w(t)
el () Ux,(t) +w”

where 7" and U are defined in (24), and using some standard
algebraic manipulations, we deduce the following inequality

f% =y w (w(t)) dt <
fO (>\mm(Q) _2hﬂ( ) m(wc( )(”LAdA DOdA||+
ILAGAG — DCaAal| + [[AgAll + IIAdAdH))H?ﬂall2

w? (t)(hBLPT-*PB,, + BLPU~'PB,, — v2I,)w(t)) dt
(49)

Let

(40)

(s)BT PT' PB,w(s)(47)

()BT PU='PB,w(t)(48)

where () is defined in (13).
Therefore, the performance index (44) is negative if the
following conditions hold

)\min(Q) — Qhﬁ(q)/\mam(P)(HLAdA — DCdAH
+LAaAq — DCaAql| + | AaAll + | AaAall) > 07(50
hBTPT~'PB, + BLPU"'PB,

— %I, <0. (51

Now, following the same reasoning given in the first part of
the proof, condition (11) implies (50). On the other hand,
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substitution of Ew, gw and P, as defined in (7.d), (7.e)
and (21) respectively, and D as defined in (25.b), in the
inequality (51) leads after applying the Schur complement
lemma to LM1I (9).

This completes the proof of Theorem III.1. |

Remark III.4 The proposed approach is based on the
fact that we isolate and norm bounding the further terms,
and thereafter we check if the minimal eigenvalue of the
remaining term is great than the obtained bound. Then the
proposed method may be applicable even in the case of
systems with uncertain parameters, just by including the
uncertain terms to the further terms.

Remark IILS [t is worth noting that theorem IIl.1 has two
conditions (10) and (11) that must be verified a posteriori.
This is why there is some systems for which our method can
not be applied. However, in the case where the conditions
mentioned above fail, we try to perturb the variables of the
(LM1s) (8) and (9) by restricting their field of evolution,
in order to force the solver of the LMI to search others
feasible solutions.

Hereafter we give the upper bound of the unknown delays
without affecting the stability of the filtering process.

Property II1.6 The asymptotic stability of the augmented
systems (6) is preserved for all T < Tpq. Where

— D2\ e (WTS™IW) + VAA

Tmax = 8)\maz (P) 5 (52)
with
o = TR (53)
AA=0")2  (WTSTIW) 41692 \,0in (P) Amaz(P)
(54)

BB=Amas (P)(||LAGA — DCaA||
+[|[LAgAq — DCaAal| + [|AaAll + [|AaAal]) (55)

Proof: From the inequality (11), and by using some tech-
nical arrangements, we obtain

4h*Anax(P)
|)‘mm(P) - h)‘max(WTS_1W)|

which leads after development to the two following condi-
tions

< P2, (56)

4h2 Az (P) + h®2 X e (WTS™IW)
—®%\in(P) <0

4h% X pmae (P) — h®? Ao WTSTIW)
+®02)\,,in(P) <0

(57)

Hence we have two inequalities of second order with
respect to h. Thus the study of the interval of evolution
of h leads to the result given in the property, namely all
the solutions of (56) are less than 7,,,, as defined in
(52)—(53). Therefore 7,4, represents the upper bound of

arbitrary unknown delays, while preserving the asymptotic
stability of the filtering process. ]

IV. ILLUSTRATIVE EXAMPLE

In this section, we provide an example to illustrate the
performances of the obtained results.
Consider the following system with an unknown time delay
described as

a(t) = { _15 —03 ]””<t)+ [ —O(')i —8.1 }x(’f—ﬂ

+[01 _Ol]w(t)
y) = [1 2 ]a@®)+[5 1]a(t-7)
+[1 1 Jw(t)
2(t)=[1 0]a).

We focus on the design of an H, filter of structure (2) such
that the filtering process remains asymptotically stable, and
the transfer function from the exogenous disturbances to
the estimation errors does not exceed a certain pre-specified
H,-norm upper bound value, namely in this example we
try to ensure that |H, ,(3)|| < Ymin = 0.43, Yw(t) €
£3]0, 00). Solving the LM Is (8), (9) under the constraints
(10) and (11), we obtain the following solutions

0.0188 0.1970
Si1 = 0.2369, Sip=[ —0.0181 —0.0028 ],

g, | 02884 —0.0117
27| —0.0117 0.2698

Ty = [ —0.0190 —0.0024 ],

7. — [ 02854 —0.0088
271 -0.0088 0.2645 |’
Uy = 0.4569, Uz = [ 0.0918 0.0206 |,

U,y — | 04565 0.0102
2271 0.0102 0.4545 |’

X =0.0036, ¥ = —1.0278.

P, =02031, Py— { 0.1428 0.0188 } ’

} . Ty = 0.2368,

Thus we deduce the parameters of our filter (2)
N = —-5.0597, D =0.0178.

The maximal allowable delay obtained after solving our
conditions is T4, = 0.638, and using the result of the
property (II1.6) we obtain the same result 7,4, = 0.63816.
To check the pre-specified attenuation level, we calculate
and obtain |le||/|lw]|| = 0.13829 < +, thus the H., upper
bound constraint is satisfied. For the simulation purpose,
the choice of the unknown delay was arbitrary but less than
Tmaz = 0.638. For instance for 7 = 0.4, the obtained
results are depicted in figure 1 and 2. It is worth noting
that the choice of the perturbation as is depicted in Figure
1 was arbitrary in the £2[0, 00) space. The estimation error
between the true trajectories and the estimated trajectories
of the system under study are depicted in figure 2.
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perturbation

time[sec]

(a) The Perturbation

0.2

0.1

estimated error
°

-0.05

-0.1

-0.15

timesec]

(b) The estimated error

V. CONCLUSION

In this note the filtering problem for linear systems with
an unknown delay in the states and outputs has been tackled.
The delay is assumed to be unknown. This represents a
broad class of delayed systems that we encounter in several
practical situations. To deal with, a reduced order H,
filter has been introduced. Both asymptotic stability and
disturbance attenuation problems have been discussed in
detail. Sufficient conditions have been derived to solve these
problems, and an upper bound of arbitrary time delays
without affecting the asymptotic stability property has been
derived. Finally the effectiveness and usefulness of the
proposed approach have been shown trough a numerical
example.

REFERENCES

[1] K. Watanabe and T. Ouchi, “An observer of systems with delays in
state variables,” International Journal of Control, vol. 41, pp. 217-
229, 1985.

[2] F. H. Hsiao, and S. T. Pan, “Robust Kalman synthesis for uncetain
multiple time-delay stochastic systems,” Journal of Dynamic System
Measures and Control, vol. 118 (4), pp. 803-808, DEC 1996.

[3] A. Fattouh, O. Sename and J. -M. Dion, “H observer design for
time-delay systems,” in Proceeding of the 37th IEEE Conference on
Decision and Control, pp. 4545-4546, Dec 1998.

[4] M. S. Mahmoud, N. F. Al-Muthairi and S. Bingulac, “Robust Kalman
filetering for continuous time-lag systems,” Systems and Control
Letters, vol. 38 (4-5), pp.309-319, DEC 1999.

[5]1 A. W. Pila, U. Shaked, and C. E. de Souza, “H, Filtering for
continous-time linear systems with delay,” IEEE Transaction on
Automatic Control, vol. 44 (7), pp.1412-1417, JUL 1999.

[6]

[7]

[8]

[9]

(10]

[11]

[12]

[13]

[14]

2906

R. M. Palhares, P. L. D. Peres, and C. E. de Souza, “Robust
Hfiltering for linear continuous-time uncertain systems with mul-
tiple delays: An LMI approach,” in Proc.3rd IFAC Conf.Robust
Contr.Design, Prague, Czech Republic, July 2000.

C. E de Souza, R. M. Palhares and P. L. D. Peres, “Robust H Filter
Design for Uncertainty Linear Systems with Multiple Time-Varying
State Delays,” IEEE Transaction on Signal Processing, vol. 49 (3),
pp.569-576, March 2001.

Z. D. Wang, and K. J. Burnham, “Robust filtering for a class of
stochastic uncertain nonlinear time-delay systems via exponential
state estimation,” IEEE Transaction on Signal Processing, vol. 49
(4), pp.794-804, Apr 2001.

E. Fridman and U. Shaked, “A New H Filter Design for Linear
Time Delay Systems,” IEEE Transaction on Signal Processing, vol.
49 (11), pp.2839-2843, NOV. 2001.

J. Leyva-Ramos and A. E. Pearson,“An asymptotic modal observer
for linear autonomous time lag systems,” [EEE Transaction on
Automatic Control, vol. 40 (7), pp. 1291-1294, JUL 1995.

M. Darouach, “Linear Functional Observers for Systems with Delays
in State Variables,” IEEE Transaction on Automatic Control, vol.46
(3), pp-491-496, March 2001.

Z.D. Wang, and F. W. Yang, “Robust Filtering for Uncertain Linear
Systems With Delayed States and Outputs,” IEEE Transactions on
Circuits And Systems—I: Fundamental Theory and Applications, vol.
49 (1), pp.125-130, JAN 2002.

E. Fridman, U. Shaked and L. Xie, “Robust Ho filtering of linear
systems with time-varying delay,” IEEE Transaction on Automatic
Control, vol. 48 (1), pp.159-165, JAN 2003.

J. K. Hale and S. M. Verduyn Lunel, “Inroduction to Functional
Differential Equations, ” Applied Mathematical Sciences. vol. 99,
New york, Springer-Verlag, New York, 1993.



	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ArialNarrow-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-Oblique
    /Times-Roman
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000500044004600200064006f00630075006d0065006e007400730020007300750069007400610062006c006500200066006f007200200049004500450045002000580070006c006f00720065002e0020004300720065006100740065006400200031003500200044006500630065006d00620065007200200032003000300033002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


