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Continuous-Discrete Observer for State Affine Systems
With Sampled and Delayed M easurements

Tarek Ahmed-Ali, Vincent Van Assche, Jean-Frangois Massieu, and
Philippe Dorléans

Abstract—The observation of a class of multi-input multi-output
(MIMO) state affine systems with both sampled and delayed output
measurementsis addressed. These two constraints disturb simultaneously
the convergence of the observer. Assuming some persistent excitation
conditions to hold, and by using Lyapunov tools adapted to impulsive
systems, two classes of global exponential observers are proposed. Some
explicit relations between maximum allowable delay and maximum allow-
able sampling period are given. An extension to some classes of nonlinear
systemsis also given.

Index Terms—Continuous-discr ete obser ver, delayed measurements, im-
pulsive systems.

|. INTRODUCTION

Thiswork is devoted to observer design for aclass of uniformly ob-
servable systems with sampled and delayed measurements. In the last
decades, the design of nonlinear observersfor continuous systemswith
sampled measurements has received a great attention. This interest is
motivated by many engineering applications, such as network control
systems (NCSs) in which the output is transmitted over a shared dig-
ital communication network, and is only available at discrete-time in-
stants. For linear systems it is usually possible to design observers by
using the discrete time model of the continuous time system. This is

The authors are with the Laboratoire GREYC, UMR CNRS 6072, UFR Sci-
ences, Dépt. Physique EEA, Université de Caen Basse-Normandie/ENSICAEN,
Caen, France (e-mail: tarek.ahmed-ali@ensicaen.fr; vincent.vanassche@uni-
caen.fr; jean-francois.massieu@unicaen.fr; philippe.dorleans@unicaen.fr).



not always possible for nonlinear systems because the exact discrete
timemodel isgenerally not available. Inthis case, there exist two main
approaches dealing with this problem. Thefirst one, is based on the de-
sign of a discrete observer by using a consistent approximation of the
exact discretized model. This approach provides a semi-global prac-
tical stability of the observation error. More details on this method can
befound in [1] and itsreferences. The second one is based on a mixed
continuous and discrete design. This approach has been inspired by
Jazwinski [2] who introduced the continuous-discrete Kalman filter to
solve a filtering problem for stochastic continuous-discrete time sys-
tems. It consists on two steps. In the first one (which is called the pre-
diction step), the observer isacopy of the model system, whereasinthe
second step, the value of the state estimate is updated using the newly
available sampled measure. The exponential convergence of the ob-
servation error is then ensured under some sufficient conditions on the
sampling period through the stability analysis of impulsive systems. In
[3] the authors use this approach to write a discrete-continuous version
of the well known high gain observer [4].

In [5], observersfor aMIMO class of state affine systems where the
dynamical matrix depends on the inputs have been designed when the
inputs are regularly persistent. Thiswork was extended to adaptive ob-
serversin[6]. In[7], asimilar method has been used for alarger class of
systems and applied to the observation of an emulsion copolymeriza-
tion process. The observation of aclassof systemswith output injection
has been treated in [8] and recently, in [9], ahigh gain continuous-dis-
crete observer has been devel oped by using constant observation gains.
In [10], the authors extend the work of [11] to the discrete-time mea-
surements case. Recently, a hybrid sampled-data observer dedicated to
a class of nonlinear systems has been presented in [12]. This scheme
is based on an inter-sample time predictor which estimates the output
between two sampling instants. The advantage of this algorithm isin
the fact that the estimates remain continuous and only the predictor
isre-initialized at each sampling instant. This algorithm has been ex-
tended to some networked control systemsin [13] by using aLyapunov
Krasovskii approach. On the other hand, the design of observers for
linear detectable systemswith sampled and delayed measurementswas
treated in [14] by using a descriptor system approach and a Lyapunov
Krasovskii functional. The authors have proposed a hybrid observer
for aclass of linear systems and derive sufficient conditions based on
linear matrix inegualities to guarantee exponential convergence of the
observation error. This idea has also been used in [15] and [16] for
some classes of nonlinear systems with nonuniformly sampled mea-
surements.

In this technical note, we present two classes of observers. The first
oneisan extension to del ayed measurements of the continuous-discrete
observer developed in[5]. The second oneis based on the introduction
of an estimator of the delayed output between two updating instants. It
can be viewed as an extension of the work of [17] to sampled-data case
by using a prediction of the output between two sampling instants fol-
lowing the ideas developed in [12]. The main advantage of the second
classcompared to thefirst oneisin thefact that the states of the observer
remain continuous and only the estimator is re-initialized. This prop-
erty will simplify the implementation compared to the first class. For
both classes, we give explicit sufficient conditions on the delay which
is considered unknown but bounded and the sampling period, to en-
sureexponential stability of the observation error. This second observer
structureisalso extended to awide class of nonlinear globally Lipschitz
systems. We also emphasize the fact that the result presented in this
technical note can be easily extended to the case of scheduling proto-
cols[13]. The present note is organized as follows: in Sections [1-VI,
lies some notations are introduced, then the problem is stated; in the
fourth section we present our main results and in Section V we extend
the second observer structure to awide class of nonlinear systems.

I1. NOMENCLATURE
First, some mathematical notations are introduced. Let R def
(—oc.oc), RT X (0,), BF X' [0,2), and let || - || be the

Euclidean norm. For p, ¢, », m € N, RP*9 represents the set of real
matrices of order p x q and I, € R”*? stands for the identity matrix
oforder p x p. If X C RP*7andY C R"*™, /,Y) denotes
the space of al continuous functions mapping mathscrX — 2 The
notation || P||, for P € R**¢, represents the L»-norm of P and X’
represent the transposed vector of X. We say that al,, < § < 3l,
where S € R™™ "™ if Ain(S) > o and Awax (S) < 3 where A (S)
and A\max(.S) denote respectively the smallest and the biggest eigen-
values of the matrix S. For f : R — R"*% and ¢ € R, the notation
f7(f) denotes the left limit of f at instant #, if it exists. In al this
study, the initial timeiscaledt, € R.

Il1. PROBLEM STATEMENT
The following class of systems is considered:

{ (1) = A(uw)a(t) + blu)

y(t) = Ca(t) @

where € R" isthe instantaneous state vector, « € D C R™ the
input vector (D isacompact set) and y € R? the output vector. The
matrix A € C(R™,R**™), b € C(R™.R"), C € R"*", &, €

C(R™, R™*!y are known, with 2, m, p, I € N and z¢ = x(tg).
In this work, we suppose that the measures of y are sampled at in-
stants ¢z, and available for the observer only at instants ¢, + 7. The
notation (tx)r>o represents a strictly increasing sequence such that
limp— o ¢, = oo, and 7, > 0 represents the transmission delay. The
sampling intervals are bounded with 0 < Tin < th — -1 < Tmax
foralk =1.2,...,oc. Thetransmission delays ;. areunknown, only
an upper bound 7 > max(7) isknownforal k =1.2,...,0c. We
also assume that T'..i, > 7. This assumption means that the measures
sampled at ¢, are available for the observer before the next measures
sampled at trq.

We will design two different classes of observers for systems (1),
and provide for each of them upper bounds of the maximum allowable
sampling period and the maximum allowable delay, so that the obser-
vation error converges globally exponentially towards zero.

IV. OBSERVERS DESIGN AND STABILITY STUDY

A. First Observation Sructure

The following continuous-discrete observer is proposed. For & > 1,
t € [thor +1te +7)

{ i(t) = A{uw)z(t) + blu) @

S(t) = —A"(0)S(t) — S(H)A(u) — pS(t)

Fort = ti + T, with 'T/‘. =t —ti_1

;;‘(fk- + T) = ,f?i(:f/v + T) . (3)

{ Ste+7)=5S"te + 1)+ 1C'C
+ TS~ (te + 7)C' (y(te) — C(te))

Thenotation# € R™ denotes the estimate of the state z, S(¢) € R™*"
is the so-called observation gain, and the parameters . € R and
p € [l.oc) are some design parameters. Note that the existence of
the inverse of matrix S5 will be ensured in the following. The initial
conditions are denoted &, € R™ and .S, issymmetric positive definite.

The observer (2) and (3) is composed of a predictor part (2) and a
correction one (3). During [tz— + 7.t + 7), the state estimate & has
the same dynamics as system (1). The matrix .S is defined as the solu-



tion of the third differential equation in (2) and is updated at instants
tr + 7 to ensure that it remains positive definite (see for example in
[5]). At eachinstant ¢;. + 7, observer trgjectory is corrected taking into
account the measure obtained at instant ¢;, . Thanks to (3), conditions
ontheinputsand restriction on 7y, it will be shown that the matrix S
remains positive definite. The dynamical equation satisfied by the state
observation error, e = & — z, is, in view of (1), (2) and (3), fork > 1

{ é(t) = A(u)e(t)t € [ther + 7.t +7) @

ety +7)=c (b +7) — pTS™ (b + 7)C' Celty)

Before stating the main results, some preliminary definitions and re-
sults are required.
Definition 1: Consider the following system, for ¢ € [¢y, oc):

(1) = A(u)x(t)

5

{ya) = Cuelt) ©

and the transition matrix ¥,, (-, to) associated to system (5), such that

¥, (ta,to) = l,.. Thebounded input « issaid to beregularly persistent
if there exist £, t, € [to, oc), 6 € R, such that, for all ¢+ > ¢

rt+-t
/ W (5, 40)C O, (s.t0)ds > 6l,,. (6)
Jt

Regularly persistent inputs guarantee the system to be observable.
For more details, see [18]-{20]. In the sequel, we will assume that the
following hypothesis is fulfilled.

Hypothesis 1: Theinput « is regularly persistent and the constants
t, and & are known.

Remark 1: The constantst, and § are preponderant for determining
a bound on the admissible sampling period. Due to the difficulty to
verify the condition on the observability Grammian, in practice, nu-
merical tools can be used for this purpose.

1) Technical Results: Thefollowing proposition guaranteesthat the
matrix S remains positive definite for any ¢ € [to, >¢), under condi-
tions on the types of inputs applied to the system and on the sampling
perlod Ty = tp —tp_1.

Proposition 1: Let « be a regularly persistent input for
system (1), for al p > 2§ where § = sup,,, [ A (N,
if Tmax < T, where T is the unique positive term such that
T = (57280t /4g || CTC|| (ta + T)), then, for all S(to) sym-
metric positive definite, there exist constants o, 3 € R such that, for
t € [to,OO)

al, < S(t) < 3l,. @

The proof of Proposition 1 can be found in [5].

« Since considered inputs belong to a compact set ~/, and because
A iscontinuous, £ iswell defined.

+ There always exists such a 7’; indeed writing condition 7 =
e Ut T ag |CTC| (8 + T) asde ||CTC (¢ + TIT =
se2¢0a*T) oosely speaking it is clear that, for positive values
of T, the polynomial term on the left-hand side will “cross’ the
exponential on the right-hand side at a unique point.

« Considering regularly persistent inputs, the positive definition of
the solution .S of equations (2) and (3) can only be ensured under
condition on the sampling period, otherwise the solution of (2)
may become non-positive definite [5].

« Notice that o, 3 implicitly depend on the maximum allowable
sampling period Tmax -

2) Sability Analysis: Based on the above hypotheses, we are now

able to state our main result.

Theorem 1. Let us consider system (1). Assume that hypothesis 1
holds and that ;« > 2¢ asin Proposition 1. Then for all

. o (fip - 1) _
Tax <mind —2 2 T 8
< { ICTE } ®

(1 — e #Tmin
7 < min {Tmin, 1\/0(16})} 9)
§ ¥
with

¢ = $TaasllCIF [2 (¢ Tar IC1 /) + 50 Tonas IC 2 fe0) + 2]
system (2) and (3) isaglobal exponential observer for system (1).
Proof: Notethat condition (8) satisfies Proposition 1. Thismeans
that (7) is verified for al ¢ > .
Now, let us consider the following Lyapunov candidate function:

and

V(t) = e(t) S(t)e(t). (10)

Asin [5], let us compute the time derivative of V'(¢) for ¢ € [tr._, +
7. t; + 7), then we have

V(t)y = —pV(t). (12)
For t = ti. + 7, first, by using the Leibniz integration formula
tr+7
e (tr +7) = e(ty) + / é(s)ds
Jiy,
then we can rewrite (4) as follows:
e(ftr+7)=¢ (tx +7)— TS (i, + ' Ce™ (th + 1)
T
+pT S~ (e + T)C'C/ as)ds  (12)
Sty
which leads to
ety +7) = e (tg +7) — pTe 8™ (tg + 7)C'Ce™ (e + 1)
t T
+pT S (1), + T)C’C'/ Au(s))e(s)ds. (13)
L
Now, let us compute V' (¢, + 7), then
Vit +7) =eltp + 7Y Sty + ety + 1)
=e (tph+ 1)V A (tr + 1) (L +7)
o (e + 7V Ayt + 7)1
+ LAt + 7)o (14)
where
et ;o
Iy = / Alu(s))e(s)ds (15)
t
and

Aty +7) =St + 1) — 2pT,C'C

+ ST CS™ (b, + T)C'C
Aty + 1) =2pT (I, — pTeC'CS ™ (t + 7)) C'Cly
At + 1) =p " ToC'CS™ ity + 7)C'C

Inthe sequel, ™ (fr. + 7), V(e + 7), V" (& + 7), St + 7), and
S7(#, + 7) will be noted respectively ¢, V', V7, 5, and 5.



Now let us consider thetermse™ A e~ and e~ Ao, After some
computations we have
T Are” =V 4 p2TEeCIOSTIC Ce
—(2p = DTile; |
SVT+ TR NP ey |17
—(2p = DT ley | (16)
where
e, =Ci (tp+7)—yltp +7)=Ce” a7)
and
¢ Aoy =2pTie™ C'(1 = pTRCS™ ' CYCT,
Te o] o _
<27i 14+ e Henlg |
T 2
<27 [14+ oy } ICL?
1 2
+ §ﬂTk-”C‘y - (18)

From equations (14)—(18), by gathering the termsin ||, || on the one
hand and the termsiin ||C'I,|| on the other, one can write

V<V 4+ TiAg|ley |I* + As[|CL|
with
27 )2 «
s ETACE (3, )
o' 2
and
0T | T
As = T, (2 1+ 0 ||C||} + ey ) (19)
One can check that A4 < 0 if the following inequality holds:
« 3
T < ——— | =p—-1]. 2
< e (30 1) 0
On the other hand, from (11), we can write
V() =Vt +7)e M0 < V(G 1) (20)
on[tr—i + 7, t + 7). Using the property (7), then we have
alle@* < V() < Vit + 7). (22)
Using the definition of I, and thefact that é(¢) = A(u)e(t) on[tr— 1 +
7, tr + 7), then we can write
tp+T
[|CLo|| = HC’/ Au(s))e(s)ds (23)
Jitp
and from this
rt g+
IC L] < IICII/ lACu (s le(s)l] ds (24)
Sty

from the fact that || A(u)|| < & and (22), we deduce

Cv 2
1CL|1* < & ” I oy s ) (25)
and
2
i+ < [t a2 v )
Then, to ensure exponential stability, it is sufficient to have
. -2 2 ;
eH e 4 A55—||0” 7 <1 (27)
(a3
which gives the following upper bound on the delay :
¢ — e—#Tmin
7 < min {Tmin., l\/ a(l — e min) ° : ) } (28)
£ Y
with i
0= 0TI 2 (T IC12/0)* + 50T ICI /) + 2]
i.e., the second condition of the theorem. ]

B. Second Observation Structure

In this section, another class of observers structure is proposed. The
main difference compared to the first classisin the introduction of an
output delayed estimator which isre-initialized at each updating instant
tr. + 7

At) = A(w)i(t) — S ¢ (C‘;i'(t - w(t))
+ b(u).
Si(t) = —pSi(t) —

V>0

Si(t)A(u) — A'S1 (1) + C'C,
(299)
w(t) = CA(ult — 7))t — 1)+ Cb{u(t — 7)),
Vi eN {Vt € o+ 7.t + 7).
w(ty +7) = y(tr).
(29b)

The observer (29) is composed of a classical observer (29a) and an
output estimator (58b). Note that & and S, are continuous on R (the
set of strictly positive real numbers) and only w isre-initialized at each
updating instant.

Theorem 2: Let us consider system (1). Assume that hypothesis 1
holds then for sufficiently large values of ;:, there exist bounds on the
delays and on the sampling period, such that system (29a)—(58b) is a
global exponential observer for system (1).

Proof: In view of (29a)

e(t) = Alu(t — 7))e(t) — S7AC” (C‘;E(t - w(t,)). (30)
If we introduce the error due to the maximum allowable delay +
ewlt) = w(t) —y(t —7) (1)
then (30) can be rewritten
6ty = A(ule(t) — ST C'Ce(t — 1)+ ST ' Clew () (32)
= [A() - S7'C'Cley+ S7'C'C /t ¢(6)do
+ 87 C e (1), o (33)



Since z(#) and () are both continuous on R, the error e(¢) is con-
tinuous on R Before the study of the convergence of the observation
errore = & — x, let usrecall the following technical result [21]

Proposition 2: Let « be aregularly persistent input for system (1).
Thenfor al i > 2§ where& = sup,~, [|A(x(#))|], andfor al 51 ()
symmetric positive definite, there exist constants oy, 31 € R such
that, for t € [to,oc)

a1|ln g 51 (t) g ,Hllln (34)

where a; = Se?**« and 3, does not depend on .

Now, let us consider the following Lyapunov—Krasovskii candidate
which isinspired from [14]:

t t
v=cwsie+ [ [ IO dvic+ o0 [l 0l (@)
Jt—r J¢

where~y isapositive design parameter and ¢(t) isapiecewise differen-
tiablefunctionsuchthat vVt > 0,0(¢) > 0,Yk € N, 6(t;) = dmax €
RY,andV ¢t € [ty + 7. txa1 + 7), 6(t) < 0. In order to prove the
exponential convergence of the observation error, it is sufficient to find
conditions on the maximum allowable delay and the maximum sam-
pling alowable period ensuring

U< —<U
Vi€t + 7t +7) >0 (36)
Ulty +7) <U (tx +7) YEeEN". (37)

From the fact that the observation error ¢ is continuous and the error
e.(te + 7) = 0, then it is obvious that the inequality (37) isfulfilled.
Now let us consider the derivativeof U7 ont € [ty—1 + 7, t +7)

t

U=c()Siet)+ 2/ ()Sié(t) + 7 |e()])* — / lé(@)]]> 6

Jt—1

+296(8) lew (B - [eatDll + 7o () eI (38)

Since

ot
26’ C" (C/ é(8)do + Ew) <e'C'Ce
Jt—T1

2

t
-|—HC/ é(8)d8 + e
Jt—r

by replacing S, (¢) and é(t) by their expressions from (29a) and (33),
we get

Z:o/Sm—l—Zc/Sm}
.
= —pe’Sie—e'C'Ce+2e'C (0 / e(8)de + eﬂ)
Jt—T1

2

IA

ot
—pe'Sie+ HC/ E(0)dH + . (1)
Jt—T

ot
/ e(8)do
t—7

Applying the Jensen’s inequality, then we have

" 2 ot
‘/ éwmﬂ‘gr/ )2 a6
t—T1 t—r1

+2len (0]

IA

—pe'Sie+2)C| - ‘

(39)

leads to
2 f p 2
Z<—pesier2rlCIF [ 1wl a4 2l @0
t—T
Using (40) into (38) gives
« . .t « )
U< —pdSieto)+ 20 ICI [ @I a8 + 2 lec 0
L—T
t
el - [ e a
Jt—T

+ 299 (1) lew (D] - [lé (O] + 7o) lew(O])* . (42)

Now, to handle the termsin e, one can differentiate its expression
(31) and get, through adirect application of the observer definition (29)

bu(t) =a(t) — 9t — 1)
=CA(u{t — 7))elt —7)
=CA(u(t —7))elt)

— CAu(t — 7)) /.[ e(d)ds.

ot
/ 8(8)d8

(42)

Hence one has

ummngwmmw@dw+'

H (43)
and therefore

2v0(t) [lew (D - e < 7o) [|CA(u)]]

thmW+hdw+‘

t
/ é(H)dH'
Jt—r1

I
Using once again Jensen’s inequality (39)

276 [lew (W - léw (D] < yo(t) |C ALl
ot
X {Hew(t)ﬂz +2(le®)|* + Q'T/ lle(|I” (19} . (44)
t—r

Using (44) to rewrite the upper bound on I from (41), one gets
: p f 2 2
U< —pe'(H)Se(t) +2||C‘||Zr/ [[E(8)]]" 6 + 2 ||e. ()]
oo '2*” N .
IO = [ 1 08 + 60 el
JEt—T1

L
-mewmwﬂwawﬂawmw+%/|mew}
Jt—T

(45)
On the other hand from (32) we can easily deduce that
. - B & -
IﬁumzsklDkwmz+HaAﬂW-+[7JMWHfdﬂ,
ki €RY (46)
and from the proposition 2, we have
—pe' ()S1e(t) < —poa [le®)]|” . 47)



Then
U < —[poy — 20 () [|CAG)|| — 7ha] [Je(t)])?
+ [ ICAW + i +36(0) +2] e
+ 27900 |CA(W| + Tk + 2[|C)1° 7 — 1]

X /t llé@)]* 8. (48)

Then we can say that the exponential convergence of the observation
error is ensured if following conditions hold:

o = 250 () ||CA(w)|| — 7k — =131 20
(499)

o) [|[CA)|| + Thy + 76(t) + 2 + 2170 max <0
(49b)

2776 () [|CA@)|| + 7k + 2 |C))° 7 = 1+ 217 < 0.
(49c)

In order to derive the maximum allowable sampling period and the
maximum allowable delay, we consider that e, — 0". Assume that
7k1 < aq andy = a1, then (49a) becomes

where § = sup,.,  ||4(«(£))]|. Furthermore one can choose ¢(t) as
asawtooth function with v & > 0, ¢(tr) = ¢max € RandVt > 0,
&(t) < —kg € RY. Thus, condition (49b) is verified when
2
ko = — 4 Omax O] € + L. (51)
X |
But one must also have V¢ > 0, ¢(t) > (. This implies that the
sampling period must be smaller than Thyax = @max/ k. . Together with
(51), this leads to the following condition on the maximal allowable
sampling period:

:
Drax

=+ dmax [|Cl €+ 1 (52)
From this, (49c) leads to a bound on
7 < min {Tmin a ! } (53)
ki 260max |C|| € + k1 + 2|C7

If conditions (50), (52), and (53) arefulfilled, then the three conditions
(49) are fulfilled and this means that the observation error converges
exponentially towards zero. [ |
Remark 2: Notice that the free strictly positive value ¢ma.x can be
used to tune the lower bound of 4« following (50) and the corresponding
bounds of the sampling period and delay following (52) and (53).

V. EXTENSION TO GLOBALLY LIPSCHITZ NONLINEAR SYSTEMS

In this section we extend the result of Theorem 2 to the following
class of nonlinear system:

{ #(t) = f(x.u)
y(t) = h(x)

where f : R" x R* — R" andh : R* — R* are smooth mapping,
andu € U whereU € R™ isanon empty set. We assume that the

following hypotheses hold:
Hypothesis 2: There exists aconstant L > 0 such that

(54)

|f(x,u) — flz.w)|| < Lz — z||.Vx,z e R" Ve e U  (55)

Hypothesis 3: Thereexist asymmetric, positivedefinite matrix P €
R"*", aconstant ¢ > 0 and matrices & € R"**, H € R**" such
that

h (' v)=Hz, VzeR" (56a)
z— ) P(f(z.u) — flr,u) + (z —2) PKH(z — 2)
< —qlz — ;17|2 V‘l,; eR". Vuel. (56b)
This hypothesis means that the following system:
i=flz.u)— K(Hz—vy) (57)

isaglobal exponential observer for systems (54). It has a'so to be no-
ticed that hypotheses 2 and 3 are automatically satisfied for triangular
systems (see [4]) and the class of nonlinear systems defined in [22].
Now we are able to give the result of this extension.
Theorem 3: Let us consider systems (54) and suppose that hy-
potheses 2 and 3 hold. Then there exist bounds on the delay and
sampling period such that the following system:

V> 00(H) = Fu(t), #(1) — K(H.i(t — ) —w(t)).
(58a)
wt)y=Hf(#(t—7).ult — 7))
VEkeN { Vi€ [the1 + 7tk +7), (58b)
w(ty +7) = yl(te)

isagloba exponential observer for systems (54).

1) Sketch of Proof: The proof of thisTheoremissimilar to the proof
of Theorem 2 by using the same Lyapunov—Krasovskii candidate func-
tion which is inspired from [14]

//||

wheree = & — x and P is defined in hypothesis 3.

Remark 3: Following the same methodology, it has to be noticed
that the second structure used in the results of Theorems 2 and 3 can
be easily extended to classes of observers contained in [23].

Remark 4: The main contribution of this note is that we give sev-
eral results concerning the observers design where both delay and sam-
pling phenomena appear on the output measurements. Thiswork must
be compared to the result of [24] where the authors consider this case
for linear systems and without using predictor. Theintroduction of pre-
dictor will improve the bound of sampling period because the model
of the output is used to predict it between two updating instants.

U= | d8d + ~vo(t

Mlew (DI (59)

VI. CONCLUSION

Inthistechnical note, the observation of aclassof continuousMIMO
systems with sampled and delayed measurements has been studied.
Under some sufficient conditions, some classes of global exponential
observers have been devel oped. This contribution can be obviously ex-
tended to the case of scheduling protocols in order to include a max-
imum number of communication constraints which often appear in the
networked control systems. But for the class of finite-time observers
developed in [25] and [26], this problem remains still open because the
corrector term of the observer is not locally or globally Lipschitz.
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