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Abstract:

We address the problem of adaptive state estimation for
multivariable nonlinear systems in the presence of parameter
uncertainty and bounded disturbances. The nonlinear adaptive
observer uses a time varying gain matrix and usua Lyapunov
arguments are employed in order to guarantee stability for the
state and parameter errors. The presence of perturbations are
considered and no SPR assumption is required in order to prove
stability.

1- Introduction

Adaptive observers design for SISO (single-input single-
output) linear time-invariant plant, has been largely investigated
[1,2]. However, for nonlinear systems the results are scant. The
existent schemes are applicable only to a small class of nonlinear
systems subject to strong restrictions on the system structure,
nonlinearities, perturbations and so on.

The first nonlinear adaptive observer was proposed in [3],
where SISO nonlinear systems are considered and it is assumed
that the origina system can be transformed into a certan
observable canonica form. In [4,5], adaptive observers for a class
of MISO nonlinear systems are proposed, and it is assumed that
the origina system is linear with respect to the unknown
parameters and can be transformed to special canonical forms
(where the nonlinearities are functions of the output). In [6], an
adaptive observer which presents an arbitrary fast exponential
rate of convergence for both parameters and state estimates was
proposed. However, the same class of MISO systems above
mentioned is considered. More recently adaptive observers for
particular class of MIMO Lipschitz nonlinear systems were
developed by Rajamani et.a. [7,8]. However, the authors
considered systems that are linear in the parameters and in which
at least some of the measured outputs are such that the transfer
matrix between these outputs and the unknown parameters are
dissipative or SPR. It should be pointed out that al above
mentioned observers can becomes instable in the presence of
bounded disturbances.

In this work, we present a Lyapunov-based adaptive observer
design for amore generd class of nonlinear systems than thosein
[7,8], where bounded disturbances are not considered. More
precisely, we considered multivariable nonlinear systems with a
known linear part and known nonlinear perturbation scaled by an
unknown linear parameter. Furthermore, it is considered that state
and output bounded disturbances are present. The stability
properties of the overall scheme are proved by employing usual
Lyapunov arguments, which requires a time varying gain matrix.
The proofs of the main results of this paper can be found in [9].

2- Uncertain system

Consider the class of nonlinear dynamical systems described
by

3(0)= Ax(0)+ 0,0, (%,0) + v, ) 1)
y(t)= Cx(t) + 6,0 (% u)+v, t) (22)
where X0 0O", un O™, yOoOU, AOO™and COO
are known matrices, 6; 00™and 6, 002 are unknown

parameters, @;, @ are known vector fidds and vy, v, ae
unknown bounded disturbances.

By redefining the state vector, equations (2.1)-(2.2) can be
expressed as
%(t)= Ax(t) + BOg(x,u) + v(t) (2.3)
y(t)=cx(t) 2.4)
xO OA  od
h = oo, yoo9, A= o™, oo™
where X %7% .Y , h OED .

is a diagonal matrix, C:[O I], 9:B_1D91 OH]D”X',
%91 0,0

e [JPlElFDn+mI—>DI , and v(t)= 0oV ) H]D”. We impose
%’ZD %SV1+V2[|
the following assumptions on (2.3)-(2.4):

(Al) @ isLipschitzinx with Lipschitz constant y >0, i. e,

e, u, 1) - glx,u, u) < vj% - ¥, 0% x00"

(A2) visbounded, i. e., for some positive constant vy,
IME)| < vo Ot=0
(A3) 6 isbounded inthefollowing sense
ol <v:

(A4) At least some linear combination of the measured outputs is
such that the system (2.3)-(24) is observable in a
neighborhood UX0 of X, i.e, for some iD{l,Z,..,r}

rank{d(LjfniTCx) 0<j sn—l}:n OxOU - [4].

3- Main result

Our main result reads as follows:
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Theorem:

Consider the nonlinear dynamical systems described by (2.3)-
(2.4), the assumptions (Al)-(A4) and the following adaptive
observer

()= As()+ B8 + (5.0 31
6 =-ri! y-oipl ri6; fori=12..n (32

where, =9-y, o=a¢%u), éT=[éliézi~~~iénJ[l[|'X”,

r=ri>000%, 0" =lnying i i ]OOY and
L(V, @)oo ™ ae  properly  designed marices,
B=diag(h )0O™", b 2000, o; >000 .
If the matrices L, n, B are chosen such that
A+ L(y,qb)ym(B—CTnT)T (B—CTr]T)+
(33

gffwfusui +¢(v‘<6)§ - Q<0

Comments:

1- Thesdection of the matrix L(f/, qB) to satisfy (3.3) is carried

out smply by using linear design methods such as the LQ
scheme or pole placement. Thus ours method is more easily
applicable that [7,8] where the sdection of gain matrix is not
straightforward.

2-  Note that Assumption (Al) is not regtrictive, snce most
nonlinearities can be Lipschitz if the states can be assumed
to be bounded. Furthermore, many nonlinearities, like the
sinusoidal terms encountered in robotics, are globally
Lipschitz [8].

4- Application
Consider the system represented by
5(1 =X
X, =6f (x, u)
y=X1

1
where y=2, y;=10. It is clear that Azg OB’ B=1I,
ad

n= [1 :IJT we obtan
V.0 a
o=hu*le ~{5.p)r201 Y 8 consequently, if
g Log tLo ¢ y,qo)+ 2035
the entries of gain matrix L are selected such that
Lig +L1p=-2¢ (SZ(B)‘ 505

Log + Ly = ‘(¢ (Y‘CB)*' 304X¢ (37‘(5)*' 203)— 10

we have that the eigenvalues of Q are -1 and —10. Therefore by
using equations (3.1) and (3.2) we obtain the following adaptive
observer

c=[1 0. By using

—

X

o)+ 203)y -10§

—

x>

2

)=%,(1)-(26(7.0)+ 50589
)=é<5—(¢ )7‘(5)+304X¢ Y,
0=-rgj-olyré

5- Conclusions

In this work we have proposed a simple method for adaptive
state estimation of multivariable nonlinear systems. The proposed
observer relies on properly designed matrices in order to
guarantees stability. Application example is considered in order
toillustrate the theory.
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