N
N

N

HAL

open science

Discussion on ”A State Observer for a Class of
Nonlinear Systems with Multiple Discrete and
Distributed Time Delays

Olivier Sename

» To cite this version:

Olivier Sename. Discussion on ”A State Observer for a Class of Nonlinear Systems with Multiple
Discrete and Distributed Time Delays. European Journal of Control, 2005, 11, pp.206-208.

00368541

HAL Id: hal-00368541
https://hal.science/hal-00368541
Submitted on 16 Mar 2009

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

hal-


https://hal.science/hal-00368541
https://hal.archives-ouvertes.fr

Discussion on ”A State Observer for a Class of Nonlinear Systems with
Multiple Discrete and Distributed Time Delays”

Olivier SENAME

Laboratoire d’Automatique de Grenoble, ENSIEG, BP 46, 38402 Saint Martin d’Heres Cedex,
France
Tel. +33.4.76.82.62.32 - FAX: +33.4.76.82.63.88, Olivier.Sename@inpg. fr

1 Introduction - Main contribu-

tion

Although many works have been devoted to the analysis
and control of time-delay systems during the last decades
[1, 2, 3], much less have concerned the observer design
problem while in practice the state variables may be not
all measured. As illustration recent studies concern the
observer design or analysis, as [4, 5, 6, 7], as well as
[8, 9, 10] in the nonlinear case. Problems solved in the
reported results include algebraic approaches to the study
of observability properties for time-delay systems and the
corresponding observer design (in the linear and nonlinear
cases), eventually with unknown input.

In this paper by Alfredo Germani and Pierdomenico
Pepe, a new design of state observers for nonlinear SISO
systems with delays is proposed. It follows previous au-
thors’ contributions on this topic as [8, 9, 10].

Here, a specific class of nonlinear systems is considered,
i.e. systems with multiple noncommensurate as well as
distributed delays (which greatly improves the existing
results), but such that the output and its n—1 derivatives
depend on the present value of the system variables and do
not depend on their past ones (which is a hard restriction).

A nonlinear observer is proposed, extending the results
in [11]. Then, under Lipschitz hypotheses, the global or
local convergence of the estimation error is proved, for
any prescribed decay rate.

In this study some of the questions that can arise are
the following:

e what system representations can be considered ?
e what kind of observability property is to be used ?

e how to ensure global or local convergence of the ob-
server 7

2 About the system description

This paper tackles the case of nonlinear systems described
by :

i(t) =

y(t) = h(z(t)),

where z(t) € R™ and z(7) = a(t + 7) (for 7 € [—A, 0]
with A the maximal delay), p is a functional form such
that p: PC([—A,0;R™") x R — R.

In [9], the following class of systems was considered:

fax(t),
h(z(t)),

z(t — A)) + go(2(t), z(t — A)).ult),

(2)
where A is the delay.
Clearly (1) extends (2) by allowing to include multiple
noncommensurate delays and distributed ones, while (2)
is restricted to the case of single discrete delay.

However, this is balanced by two main restrictions
which are linked to the requirement that the output and
its n — 1 derivatives do not depend on the past system
variables. Indeed the assumption used by A.Germani and
P.Pepe to get the observability degree is given, using the
Lie derivatives, for xo € R", as

Lg, L5 h(x0) =0, ,k=0,1,...,n—2 (3)

First, f1 in (1) does not depend on the delay, which is
strong. This was not necessary in [9].
As illustration, example 1 in the discussed paper, i.e.

21(t) = ax1(t)(1 —x1(t)/m) + bx1(t)z2(t)
.’)'32 (t) = CI2 (t) + dml(t)xz (t — A), (4)
y(t) = z(t)



can be written according to (1):
az1(t)(1 — z1(t)/m) + bx1(t)z2(t)

fi(z(t) = ;
cxo(t),

g1(z( <(1) which are delay free and

p= dxl() —A),

or accordlng to (2) 19],
az1(t)(1 — z1(t)/m) + bx1(t)z2(t)
fa(a(t), zt=A)) =

cxo(t) + day (H)xa(t — A),
g2 = 0. This means, as we will see on the next section,
that the observability matrix for the representation (1) is
delay-free.

On the other hand, p : PC([-A,0;R") xR — R is
a functional which includes all the delay elements of the
system, but spans in R. As illustration the example given
in [9], i.e.

Il(t) = —3562 + 05(t)1‘1(t — A),Ig(t — A)

()
ia(t) = —(wu()Paslt — A) +ult),
cannot be rewritten as the system representation (1). In-
deed the ”delay parts” (i.e. functionals) in the previ-
ous example are different in both state variable equa-
tions which makes impossible to find a functional p which
should satisfy the representation (1).

As a conclusion, these restrictions on the class of con-
sidered systems is the price to pay for the extension of the
results in [11] to the case of time-delay systems. Further
interesting studies could concern the relaxation of these
assumptions.

3 Observability property

Compared to previous authors’ papers, the notion of ob-
servability is here not clearly described. However, in
a similar way as in [9], assumption Hp requires that
®(x0) 1s a diffeomorphism in R™, which allows Q(xo) =
0¢(x0)/0x0o to be invertible.

Even if ¢(xo0,X1,n—1) in [9] may include delayed ele-
ments while ¢(xo) here cannot, the ”diffeomorphism” as-
sumption concerns, in both cases, only the present (and
not past or delayed) state variables. In other words ob-
servability is required for the delay - free part of the sys-
tem.

As a comparison for linear time-delay systems of the
form :

&(t) = Agz(t) + Apz(t — h);  y(t) = Cx(t)

this would consider to assume that the pair (C, Ag) is
observable. Note that this is a necessary assumption for
stability independent of delay.

4 Convergence of the estimation
error

The proof of convergence extends the one in [11], as-
'suming some (global or local) Lipschitz conditions on
L?h((ﬁ‘l(y)), ¢, as well as on ¢~!'. These are used to
ensure the exponential convergence of the state estima-
tion error. Thus the gain K of the observer is linked to
eigenvalues of the estimated error system and to the given
decay rate, but no design is actually proposed.

In the example section, it is shown that local Lipschitz
conditions are achieved but it could have been interesting
to illustrate the case of global Lipschitz conditions since,
as mentioned in Remark 3.4, the Lipschitz constants can
be very large (sufficiently to ensure that these conditions
are true 7).

5 Conclusion

A new state observer for non linear systems with (non-
commensurate and distributed) delays has been proposed
which is an interesting extension of current solutions.
Even if some restrictions are used, we can foresee further
extensions (relaxations) of this work.

Let me conclude by a "robustness” analysis of such so-
lutions, even if this is not the scope of the paper. Indeed
the proposed observer needs the exact knowledge of the
delay value to be implemented which, in practice, is quite
difficult. In this case some results are provided in [12].
Here, the author could use an estimated delay in the ob-
server description, and try to prove that the estimation
error is ultimately bounded.

References

[1] L. Dugard and E. I. Verriest, (Eds) Stability and
control of time-delay systems, vol. 228 of LNCIS.
Springer Verlag, 1998.

[2] S.-I. Niculescu, Delay effects on stability. A robust
control approach, vol. 269. Springer-Verlag: Heidel-
beg, 2001.

[3] K. Gu, V. Kharitonov, and J. Chen, Stability of
Time-Delay Systems. Birkh&user, 2003.



(4]

P. Picard, O. Sename, and J. Lafay, “Observers and
observability indices for linear systems with delays,”
in CESA 96, IEEE Conference on Computational
Engineering in Systems Applications, vol. 1, (Lille,
France), pp. 81-86, 1996.

O. Sename, “New trends in design of observers for
time-delay systems,” Kybernetika, vol. 37, no. 4,
pp- 427-458, 2001.

O. Sename, A. Fattouh, and J.-M. Dion, “Further
results on unknown input observers design for time-
delay systems,” in 40th IEEE Conference on Deci-
sion and Control, (Orlando, Florida, USA), 2001.

M. Darouach, “Linear functional observers for sys-
tems with delays in state variables,” IFEFE Transac-
tions on Automatic Control, vol. 46, no. 3, pp. 491—
496, 2001.

A. Germani, C. Manes, and P. Pepe, “An observer
for m.i.m.o nonlinear delay systems,” in [FAC 1/th
World Congress, (Beijing, China), pp. 243-248, 1999.

A. Germani, C. Manes, and P. Pepe, “An asymptotic
state observer for a class of nonlinear delay systems,”
Kybernetika, vol. 37, no. 4, pp. 459-478, 2001.

P. Pepe, “Approximated delayless observers for a
class of nonlinear time delay systems,” in Proc. 40th
IEEE Confer. on Decision €& Control, (Orlando,
Florida,USA), 2001.

G. Ciccarella, M. D. Mora, and A. Germani, “A
luenberger-like observer for nonlinear systems,” Int
J. Control, vol. 57, no. 3, pp. 537-556, 1993.

A. Fattouh and O. Sename, “A model match-
ing solution of robust observer design for time-
delay systems,” in Advances in Time-Delay Systems
(S. Niculescu and K. Gu, eds.), vol. 38 of LNCSE,
pp- 137-154, Springer-Verlag, 2004.



