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A set of adaptive observers for a class of MIMO nonlinear systems

M. Farza, M. M’Saad, T. Maatoug and Y. Koubaa

Abstract— A globally exponentially convergent adaptive ob-
server is proposed for a class of uniformly observable nonlinear
systems in order to jointly estimate missing states and unknown
constant parameters. The gain of this observer involves a design
function that has to satisfy some mild conditions which are
given. Different expressions of such a function are proposed.
Of particular interest, it is shown that adaptive high gain
like observers and adaptive sliding mode like observers can
be derived by considering particular expressions of the design
function. Simulation results are presented in order to illustrate
the performance of the proposed observer.

Keywords: Nonlinear system, High gain observer, Sliding
mode, Adaptive observer, Persistent excitation.

I. INTRODUCTION

Joint estimation of missing states and unknown constant
parameters using adaptive observers has been widely in-
vestigated and still constitutes the subject of many control
research groups. Early results were related to linear systems
and can be found in [12], [11] while more recent results
are reported in [20], [19]. Since the eighties, many results
on nonlinear systems have became available. For exam-
ple, adaptive observers have been proposed for a class of
nonlinear systems which can be linearized with a change
of coordinates up to output injection in [1], [14], [15],
[13]. More general results on nonlinear systems have been
reported in [16], [4], [2]. The underlying approaches are
however not constructive from the applicability point of view.
In a relatively recent work [18], the authors proposed an
adaptive observer for a class of single output uniformly
observable nonlinear systems. This consists in an extension
of the approach initially proposed in [19] for MIMO linear
time-varying systems. The main advantage of this approach
lies in both design and implementation simplicities.

In this paper, one proposes to extend this approach to a
large class of uniformly observable nonlinear systems. To
this end, one shall firstly consider the same class of systems
as in [10] for which the authors proposed a high gain
observer for the state estimation. Then, one shall combine
the approach adopted in [10] with those proposed in [20]
and [19] in order to design an adaptive nonlinear observer.
The main characteristics of the proposed observer lie in its
simplicity and its capability to give rise to different observers
among which adaptive high gain like observers and adaptive
sliding mode like observers. Indeed, the gain of the state
estimation as well as that of the parameter adaptation involve
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a design function that has to satisfy some mild conditions
which are given. Different expressions of the design function
are proposed and it is shown that adaptive high gain like
observers [3], [9], [10], [7] and adaptive sliding mode like
observers [17], [5], [6], [8] can be derived by considering
particular expressions of the design function. Of particular
interest, the tuning of the observer is achieved through the
choice of a single parameter.

This paper is organized as follows. The next section is
devoted to the problem formulation. In section 3, the observer
design will be detailed and the observer equations are given.
Section 4 is devoted to a full convergence analysis. In section
5, different expressions of the design function are given to
emphasize the versatility of the proposed adaptive observer.
The performances of the adaptive observer are highlight in
section 6 through an illustrative example.

II. PROBLEM FORMULATION
Consider MIMO systems of the form:

&= flu,x) + Y(u,z)p 0
y = fOu,z")
" Ly, 2!, 22
e FPu b, 22, 2%)
T = ,f(u,x) =
x4 F17H (u, @)
fi(u, x)
o ‘Ilg(u,x)
s U35 (u, )
p: . ,\I’T(U,I) - : ’
pm U (u,z)
\I/}(u7:r1)
U3 (u, ', 2?)
Ui(u,x) = ; 2)
\II?_l(u,xl, cozdh
W (u, )

the output y = f9(u,z') € RP; the state z € R™ with
u:kG]R"",k:1,...,qandp:n02n12n22...2nq,

q
Z ng = n; the input u(t) € U the set of bounded absolutely
k=1
continuous functions with bounded derivatives from R™ into
U a compact subset of R®; f(u,z) € R™ with f*(u,x) €
R™*; p € R™ is a vector of unknown constant parameters,
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pi € R, i=1,...,m; ¥(u,z) is a n x m matrix and each
U,(u,z) € R™, j =1,...,m, denotes its /" column with
U¥(u,z) € R™, k = 1,...,q. Our objective consists in
designing adaptive observers to simultaneously estimate the
state and the unknown parameters. Such a design requires
some assumptions which will be stated in due courses. At
this step, one assumes the following:

(A1) For 0 < k < ¢ — 1; the function zFt! —
fE(u,zt, ... 2%, 2%1) is one to one from IR™*+! into IR™*.
Moreover, Ja, 8 > 0 such that Vk € {0,...,¢—1},Vz € R”
and Yu € U, one has:

0 < a?I

MNk+1

IN

af* T ook
<axk+1 W)) gt (1) < Pl
(A2) The matrix ¥(u(t),x(t)) is uniformly bounded.

In the case where the vector p is known, it has been shown
[10] that system (1) under Assumption (A1) characterizes
a subclass of U-uniformly observable systems. Moreover, a
high gain observer has been proposed for system (1) under
some lipschitz conditions commonly used in the high gain
observer synthesis. In the sequel, one shall combine the ob-
server design approach proposed in [10], with those proposed
in [18] and [20], in order to propose an adaptive observer
for system (1). This observer allows to jointly estimate the
missing states as well as the unknown parameters. A main
characteristic of the proposed observer lies in the structure of
its gain which involves a design function that has to satisfy
some mild conditions given in the sequel. One shall exhibit
many expressions that satisfy these conditions and shall show
that some of these expressions give rise to adaptive versions
of high gain and sliding mode like observers.

III. OBSERVER DESIGN

One shall firstly introduce a state transformation that puts
system (1) under an appropriate form for the observer
synthesis. Then, the equations of the proposed observer will
be derived in the new coordinates before being given in the
original ones.

A. State transformation

Consider the following change of coordinates:
d:R" — RR™1
o

z
.T2 252
x = i -z = = P(u,x) =
:c'q 24
79, 27)
a 0
O (u, ) £, 21, 0%)
0 1
O ) (0 () a2, )

qg—2 k :
(H £L<u7x>> £ ()

k=0

where 2z € R™, k = 1,...,q. According to Assumption
(A1), the map ® is one to one. Let ®° denote its converse.
Before deriving the dynamics of z, let us introduce the
following notations :

e A(u,x) is the diagonal matrix:

Alu,z) = diag (0f0 (u, ) or (u, a;)aifl(u7 x), ...,

ozl " 9t dx?

g—1 ofk
[T s ) 3)

k=0
According to Assumption (A1), A(u, z) is left invertible. Let
At (u, ) denotes its left inverse, one can easily check that:
A(u, z) f(u, ) = Az + G(u, x) or equivalently
flu,z) = AT (u,2) Az + AT (u, 2)G(u, x) 4)

where the ngg x nogq square matrix A and G(u,x) € R"?
are respectively given by:

A= { 0 Tnog ] 5)
0
and G(u,z) = 0
g—1 k
of

(H W(“@)) fi(u, z)
The dynamics of z c];?lobe derived as follows:
. 0 . 0d .
) = o (wa)a(t) + 5 (wa)ilt)

0P 0d .

= Az+Gu,z) + Au, z)¥(u, z)p
b (G - M)

(A" (u, ) Az + AT (u, 2)G(u, z) + V(u, z)p)
od

+ Gyl ©

according to (4).
For sake of clarity, one shall use the following notations in
the sequel:

O(u,z) = (ai(u,x) — A(u, x)) At (u, )
Q(u, z) = Au, ) (u, x)
o(u, z) 2 O(u, z)Az + G(u, x)
bluipz) 2 p(u2) + 11w, 2)p
b @ (2)il) 0

From the fact that © is diagonal with zeros on its main
diagonal, one can easily show that ¢(u,z) and each
column of the matrix II(u, z) have triangular structures with
respect to z. This property is then also valid for ¥ (u, @, p, 2).
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Using the adopted notations, system (1) can be written in the
new coordinates z as follows:

y=Cz=2z"
where
C = [I,0ng,- -, 0n,] )

is a ng X ngq matrix.

B. Observer synthesis

Before giving our candidate observer, one introduces the
following notations.
1) let Ay be the block diagonal matrix defined by:

. 1 1
Ag = dzag |:In070_[n0,...,0q_1[n0:| (10)
where 6 > 0 is a real number.
2) Let 2y be a the following m x m diagonal matrix:
1 1
Qg—dzag[ 9V1"..7ellmlj| (11)
where the v;’s, Kk = 1,...,m — 1 are positive inte-

gers which are chosen such that each term of the matrix
ApQ(u, )" 2 AgA(u, B(2)) T (u, 2°(2)), " is a poly-
nomial in — (see e.g. [18]).

3) Let S be the unique solution of the algebraic Lyapunov

equation :
S+ATS+SA-CTC=0 (12)

where A and C' are respectively given by equations (5) and
(9). One can show that S is symmetric positive definite and

in particular one has : S~!CT =

cal
g m
4) For any £ € R™Y, Let T¢(t) be a ngg x m matrix satis-
fying the following Ordinary Differential Equation (ODE):

Te(t) = 0((A-57'CT0)) Te(t)
+080Q(u(t), ()25

5) Let P(t) be the m X m symmetric matrix governed by
the following differential equation:

P(t) = —0P() YT ()CTCY (1) P(t) + 6P (1)

where P(ty) € R™ x R™ is chosen symmetric positive
definite and the matrix T¢(t) is governed by (13).

&-1

13)

(14)

6) V¢ = € R™9 with ¢¥ € R™, k = 1,...,q,

¢a
set € = Ap¢ and let K(¢) 2
smooth functions satisfying:

€ IR™9 be a vector of

K(gh)

Ve € R™1: ETK ()
Jo > 0;VE € R™7: |[K (€Y

v

%ETCTCS (15)
o€t (16)

AN

where the matrices Ag and C' are respectively given by (10)
and (9).

The observer synthesis needs the following additional
assumptions :
(A3) The functions ®(u, ®¢(z2)), Q(u, 2), ©(u,z), (u, z)

od
and — (u, °(z)) are globally Lipschitz with respect to z
u

uniformly in u.

(A4) For any ¢ € IR™Y, the matrix CY¢(t) is persistently
exciting.

Notice that under Assumptions Assumptions (A1) and (A3),
Q(u, &) is bounded. Since the matrix (A — S71CTC) is
Hurwitz and each term of the matrix AgQ(u(.),&(.))Q,"
is polynomial in 1/6, one can conclude that for 6 > 1
the matrix Y(¢) is bounded and corresponding bounds do
not depend on 6. Furthermore, one can show that under
assumption (A4), the matrix P(¢) governed by (14) is
symmetric positive definite and that it is bounded from
above and from below and corresponding bounds do not
depend on 6.

A candidate adaptive observer for system (8) is:

A1) = A2+ Qu, £)p(t) + d(u, i, p, 2)
0A, " (STH+ T () P(H)YT (1) K(2Y)
o ora
- %w,@‘(z))
+
(AJr u, P°(2 a—(b (u, D°(2 ) )
0A, (S +YT:()PH)Y ( )) (21)
pt) = —0°Q PYL(H)EK(Z) (17)
2,1
22
where z = € R" with 2* e R™, k =1,...,¢q;
24
Z = Z — z where z is the unknown trajectory of system
p1
®); p = e R™; S, C, Ay, Qp and A(u, P°(2))
Prm

are respectively given by (12), (9), (10), (11) and (3);
the matrices Y:(¢) and P(t) are respectively governed by
equation (13) (with & 2 %) and equation (14); K(z!) is a
rectangular matrix satisfying conditions (15) and (16); u
and y are respectively the input and the output of system
(8) and # > 0 is a real number.

Indeed, one states the following :

Theorem 3./: Assume that system (8) satisfies Assump-
tions (A1) to (A4). Then, system (17) is a globally exponen-
tially convergent adaptive observer for system (8).

The proof of this theorem is detailed in section IV.
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C. Observers equations in the original coordinates

Proceeding as in [7], one can easily show that observer (17)
can be written in the original coordinates as follows:

(t) = flu,@)+Vlu,2)p(t) — OAT (u, #)A,"
(S™H+Ta(t)P(O)YZ (1) K(7)
plt) = —0°Q ' P(t)TT (1)K (f) (18)
T:(t) = 0(A—S~LCTO)Y,(t)
+ 0AgA(u, )W (u, #)Q,
P(t) = —0(P@X)TI(H)CTCY4(t)P(t) — P(t))
Si'l
where & = 33 € R" with 2F e R™, k= 1,...,¢q;
Iz}

€ R™ with pi e R i =1,...,m; Ti(t)

R
N
1>

Y:(t); 7 = fo(u,2') — f°(u,x) where x is the unknown
trajectory of system (1) and the other variables keep the same
meaning as before.

IV. CONVERGENCE ANALYSIS

Set Z(t) = 2(t) — 2(t) and p(t) = p(t) — p. Then,
Zo= AZ—0A;N (STU+ Y P)YL(t) K(2)
+ Q(ua é)ﬁ(t) + (Q(u,é) - Q(u7 Z))p
+ ZZJ(Uaﬂ, /332) —ZZJ(U,% paz)
— O0(u, 2)A5 (ST + T () P(H)YL (1) K (2))
(19)
po= =02, ' P)YT(H)K(FY) (20)
where I'(u, %) =
ob . . ob . +
92 (. 2°(2) (Aw,«b @) - (Grwe)

Notice that using Assumption (Al) and (A3), one can
easily deduce that I'(u, %) is bounded. Furthermore, one can
easily check the following identities: AgAA, ' = 9A and
CAy =C.

1
Set Z=AyzZ and p = 599@ one obtains:

z = 0Az-0 (5’1+T() (OYL(1) K(zY)
+ 080Q(u, )25 p(t) + Do (Q(u, 2) — Q(u, 2))p
+ AG (@[J(u,u,p7 )—¢(uaU»P7 ))
— 00T (u, 2)A, T (ST + Y:()P(H)YL (1) K(2Y)
21
pt) = —O0PH)YL(H)K(Z") (22)

Substituting (22) in (21), one obtains:

Z = 0Az— 95—1K(~1) +Y:(t)p(t)

+ HAOQ( ) (t) + AG(Q(uv 2) - Q(u7 Z))p
+ Do (P(u, i, p, 2) — (u, i, p, 2))
— OAT(u, 2)A,"
(S™'+Y:(t)P#)YL () K(2) (23)
Now, define : n(t) = z(t) — T:(¢)p(t) where the matrix

T;(t) € R™9*™ is governed by equation (13) with £ 2
One can show that:
n(t) = 0An+60ST'CTCY:(t)p—0S ' K(3)
+ 20(Qu, 2) = Q(u, 2))p
+ AQ W(U U’ IO’ ) 1#(%“’ P, Z))
— 0AT(u, 2)A, "
(571 + =0 P)YT (1) K ()
Set Vi(n(t)) = n"(t)Sn(t). Va(p(t)) = p" ()P~ (t)p(t)
where P(t) is given by (14) and let V(n(t),p(t)) =
Vi(n(t))+V2(p(t)) be the Lyapunov candidate function. One
has:

Vi(t)

(24)

= 20T SAn + 20T CTCY:p — 2007 K (3Y)
+ QUTSAG(Q(UH 2) - Q(U,Z))p
+ 20T S A (W(u, i, p, 2) = (u, 5, p, 2))
— 2T SAGT (u, 2)A, T
(0S7tCTCz+ Y () Pt)YT (K (1)) (25)
According to (15), one obtains:
n"TK(ZY) = (n+7T:p)TK(E) - (T:p) K (1)
= (82)TK(') - (Y:p)"K(2Y)
> %zTcTcz —(T:p)TK(3Y)

1
§2TCT02 —(Y:p)TK(3Y)
1
5 (n7CTCn+ ()" CTCT2p)
n"CTCY:p— (Y:p)TK(2Y)
Using (12) and (26), inequation (25) becomes:

Vi(t) = —0Vi—0(Y:p)" CTCY:p+20(Y:p)" K(3Y)
20l IS1 ([ Aa(Q(u, £2) — Q(u, 2))pll

A6 (¥ (u, @, p, 2) — Y(u, 0, p, 2)|)))

2[|n[I[ 511116261 (u, 2) A5 |

(IS=H + =@ PO YT @) 1K EH |

Y

v

(26)

+ + +

27

As the matrix I'(u, 2) is lower triangular with zeros on the
main diagonal and is bounded, one can easily show that
0AoT (u, 2)A, " is bounded for § > 1 and the corresponding
upper bound does not depend on 6. Similarly, it is obvious
that Y:(t) P(t) Y% (t) is bounded since Y (t) and P(t) are so.
According to the Lipschitz condition on Q(u,z) and since
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each term of this matrix has a triangular structure, one can
easily show that:

180(Q(u, 2) — Qu, 2))pll < kallpllliz] < eallmll + el
(28)
for some constants ki, ¢; and ¢y which do not de-
pend on 6. Let us now examine the boundedness of
1A (¥(u, i, p,2) — (u,t,p,2))||. To this end, one shall
consider all the terms which intervene in the expression of
(7). Indeed, according to the triangular structures of ¢ and

d . . .. .
Em and to the Lipschitz condition on these functions, one
u
has:

180 (p(u; 2) = p(u, 2))pll < ka2l < sllnll + valloll

(29)
0P . P o/ a .
180 ( G 9°(20) = G 22D ) o] <
kalla®) 21 < vl + 2] 60)

where ko, ks, i, ¢ = 2...,6 are positive constants which
do not depend on 6. Furthermore, one has:

[Ag(I1(u, 2)p — Il(u, 2)p)|| =

[1AaT1(u, 2)p + Ao (T (u, 2) — II(u, 2))p||
1026TT(w, )25 ]l + [| g (T1(u, 2) — TL(u, 2))p]

<
< 080T (u, 2)Q5 1 Bl + kaz 31)

for some positive real k4 > 0, according to the lipschitz
assumption on II. Moreover, one has:

ONTI(u, 2)Q" = 08¢O(u,2)Q(u, 2)2, "
= (0060(u, 2)A;") (ApQ(u, 2)Q5 ")

On one hand, the matrix O(u, %) is lower triangular with
zeros on its main diagonal and it is bounded. On the other
hand, each term of the matrix AgQ(u, 2)Q,* is a polynomial
in 1/60. 1t follows that the matrices 2¢O (u, 2)A, " and
ApQ(u,2)Q," are bounded and corresponding bounds do
not depend on 6 for & > 1. As a result, inequality (31)
becomes:
80T, 2)p - T, 2)o)| < sl + a2

Yellnll +slloll (32)

for some reals k4, k5, 77,78 > 0 which do not depend on 6.
Finally, it is obvious that ||Z|| < ||n]l + [T @)||l|2]l-

IAIA

According to the previous developments, inequality (27) can
be written as follows:

Vi(t) —OVi — 0 (T:p)" CTCY2p+20(T:p)" K(3)

cillnll? + eallnlll 2]

—6Vi —0(Y:p)' CTCY:p+26(Y:ep)' K (2
+ Vi +kaVV VY, (33)

for some constant real number cy, co, k1, ko > 0 which do

not depend on 6.
Otherwise, one can show that:

IN 4+ IA

Hence, V(t) < —(0—k)Vh —0Va + ko ViV V5.
Finally, set Vi* = (0 — k1)V; and V5 = V5, one has

ko

V() < (W +Ve)+ W(Vf +Vy)
-k
)
= (- —2 (W + Wy 34
= LR IR
)
Now, choose # such that (1 — W) > (0, one can
— k1
show that: V(t) < —(0 —k; — \];%)V(t) This ends the

proof.

V. SOME PARTICULAR OBSERVERS

Some particular expressions of the vector K (Z!) that satisfy
conditions (15) and (16) shall be given and discussed in
this section. These expressions will be given in the new
coordinates z in order to easily check conditions (15) and
(16) as well as in the original coordinates z in order to easily
recognize the structure of the resulting observers.

A. Adaptive high gain observers

Consider the following expression of K (z!):
Kpa(ZY) = kCTCz=kCTz =kCTy
ECT(fO(u, ') — fO(u,2'))  (35)

where k > L is a real number. One can easily check that
expression (%5) satisfies conditions (15) and (16). Notice that
when no parameter needs to be estimate, it is easy to see that
the so obtained observer is of the high gain variety (see e.g.
[9], [101, [7]). More specifically, the proposed observer with
K (z') specialized as in (35) is in fact an adaptive version
of the well known high gain state observer.

B. Adaptive sliding mode like observers

At first glance, the following vector seems to be a potential
candidate for the expression of K (z!):

K(zY) = kCTCsign(z) = kCTsign(z")

kCTsign(fo(uﬁcl) — fo(u,xl)) (36)

where £ > 0 is a real number and ’sign’ is the usual
sign function. Indeed, condition (15) is trivially satisfied by
(36). Similarly, for bounded input bounded output systems,
condition (16) is also satisfied for relatively high values
of k. However, expression (36) cannot be used due the
discontinuity of sign function. Indeed, such discontinuity
hampers the applicability of the Lyapunov approach used
throughout the proof. In order to overcome this difficulty, one
shall use continuous functions which have similar properties
that those of the sign function. Of practical importance, these
functions are widely used when implementing sliding mode

observers. Indeed, consider the following function:
Krann(2) = kCTTanh(f(u, #') — fO(u,z'))  (37)

where T'anh denotes the hyperbolic tangent function and

Va(t) = —0Va—205" YTK(2Y) 4+ 6p7 YL (t)CTCY:(t)p k > 0 is a real number. It is easy to see that conditions (15)
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and (16) are satisfied for relatively high values of k.

Similarly to the hyperbolic tangent function, one can easily
check that the inverse tangent function K a.c7qn(7), the
hyperbolic sine function Kg;,1 (%), etc., also constitute valid
expressions for K (z!). Besides, one can consider new valid
expressions for K (z1), for example by adding K74, (Z) to
Kug(2).

VI. EXAMPLE

Les us consider an academic example with
T = il € IR? and the functions f and W
2
. ] - 2o(1 + 23) — 23
are given by: f(u,z) = 00223 and
3sin(19¢) 0
U(u,z) = 0 5sin(li’nﬁ) The output
1+ 323
[ y1 = (05— sin(5t)) o L
Yy = ys — sin(51) . Our objective consists in

estimating three unknown parameters p;, ¢ = 1,2 as well
as the states x; and xo. Many observers under form (18)
have been synthesized by considering different expressions
of the function K(y) such as Kronn(9), Karcran(9)s
Krsinn(g), etc. The obtained results were very similar
and one only presents here those obtained with Kpa (7).
A jump has been simulated for each parameter at time
equal to 20. Simulation was carried out under the following
initial conditions: 1 = 30; xo = 20; 7 = 25; &5 = 25.
The initial parameter estimates have been arbitrarily set to
zero. The value of the design parameter # was set to 10.
The obtained results are given in figures 1 and 2. They
clearly show the adaptation alertness as well as exponential
convergence of the proposed adaptive observer.

25 60
Py P2
20
ESTIMATED 40 ESTIMATED
e e
15 SIMULATED ~ —|
SIMULATED . 20,
10
of
5] T w
0O 10 20 30 40 _200 10 20 30 40
Fig. 1. Comparison of the parameter estimates with their true values

VII. CONCLUSION

A canonical form for a class of uniformly observable nonlin-
ear systems has been investigated from the adaptive observer
design point of view. A globally exponentially convergent
adaptive observer has then been proposed for this class
of systems. The gain of the parameter adaptation of the
proposed observer involves a design function satisfying some
mild conditions that have been given. Of fundamental im-
portance, the global exponential convergence of the observer
was shown to be guaranteed under the well known persistent

ESTIMATION ERROR ON X ESTIMATION ERROR ON %

) 10 20 30 40 0 10 20 30 40
Fig. 2. Estimation errors on 1 and x2

excitation condition. Simulation results have been reported
to emphasize the performance of the proposed observer.

REFERENCES

[1] G. Bastin and M. Gevers. Stable adaptive observers for nonlinear time
varying systems. IEEE Trans. on Automat. Contr., 33:650-658, 1988.

[2] G. Besangon. Remarks on nonlinear adaptive observers design. Syst.
Control Lett., 41(4):271-280, 2000.

[3] G. Bornard and H. Hammouri. A high gain observer for a class of
uniformly observable systems. In Proc. 30th IEEE Conference on
Decision and Control, Bringhton, England, 1991.

[4] Y. M. Cho and R. Rajamani. A systematic approach to adaptive
observer systhesis for nonlinear systems. IEEE Trans. on Automat.
Contr., 42:524-537, 1997.

[5] S. Drakunov. Sliding mode observers based on equivalent control
method. In Proc. 31th IEEE Conference on Decision and Control,
Tucson, Arizona, 1992.

[6] S. Drakunov and V. Utkin. Sliding mode observers. Tutorial. In Proc.
34th IEEE Conference on Decision and Control, New Orleans, LA,
1995.

[71 M. Farza, M. M’Saad, and L. Rossignol. Observer design for a class
of MIMO nonlinear systems. Automatica, 40:135-143, 2004.

[8] A. Filipescu, L. Dugard, and J.M. Dion. Adaptive gain sliding
controller for uncertain parameters nonlinear systems. application to
flexible joint robots. In Proc. 42nd IEEE Conference on Decision and
Control, Maui, HAwaii USA, 2003.

[9] J.P. Gauthier, H. Hammouri, and S. Othman. A simple observer for
nonlinear systems - application to bioreactors. IEEE Trans. on Aut.
Control, 37:875-880, 1992.

[10] H. Hammouri and M. Farza. Nonlinear observers for locally uniformly
observable systems. ESAIM: COCV, 9:353-370, 2003.

[11] G. Kreisselmeier. Adaptive Observers with exponential rate of con-
vergence. IEEE Trans. on Automat. Contr., 22:2-8, 1977.

[12] G. Liiders and K.S. Narendra. An adaptive observer and identifier for
a linear system. /[EEE Trans. on Automat. Contr., 18:496-499, 1973.

[13] R. Marino, G.L. Santosuosso, and P. Tomei. Robust Adaptive Ob-
servers for Nonlinears Systems with Bounded Disturbances. IEEE
Trans. on Automat. Contr., 46:967-972, 2001.

[14] R. Marino and P. Tomei. Global adaptive observers for nonlinear
systems via filtered transformations. IEEE Trans. on Automat. Contr.,
37:1239-1245, 1992.

[15] R.Marino and P. Tomei. Adaptive observers with arbitrary exponential
rate of convergence for nonlinear systems. /[EEE Trans. on Automat.
Contr., 40:1300-1304, 1995.

[16] R.Rajamani and J.K. Hedrick. Adaptive observer for active automotive
suspensions - theory and experiment. /[EEE Trans. on Control Systems
Technology, 3:86-93, 1995.

[17] V.I. Utkin. Sliding mode in optimization and control. Springer-Verlag,
1992.

[18] A. Xu and Q. Zhang. State and parameter estimation for nonlinear
systems. In Proc. of the 15th IFAC World Congress, 2002. Barcelona,
Spain.

[19] Q. Zhang. Adaptive observers for MIMO linear time-varying systems.
IEEE Trans. on Automat. Contr., 47:525-529, 2002.

[20] Q. Zhang and A. Clavel. Adaptive observer with exponential forgetting
factor for linear time-varying systems. In Proc. 40th IEEE Conference
on Decision and Control, 2001. Orlando, Florida.

7042



	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	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
  ]
  /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




