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INTRODUCTION

The problem of state estimation of nonlinear systems
is a very important issue in practical applications where
the system state to be controlled is unavailable or its
measurement is very expensive as in power systems, de-
sign of spacecraft, vehicle control, etc [3]. This paper
develops a methodology for designing a decentralized
observer for a class norm bounded nonlinear systems.
For this, we use the second method of Lyapunov, LMIs
(Linear Matrix Inequalities) and a procedure we pro-
pose.

DESIGN OF DECENTRALIZED OBSERVER

Consider a nonlinear system composed by N subsys-
tems

ẋi = Aixi +Biui + hi(x, t) i = 1, . . . , N
yi = Cixi (1)

where xi, ui, Ai, Bi and Ci have appropriate dimen-
sions. Consider the pairs (Ai, Ci) are observable. The
nonlinear terms hi(t, x) are norm bounded [1]:

hT
i hi ≤ α2

ix
T
i H

T
i Hixi (2)

where the scalar αi and the matrix Hi of appropriate
dimension are known. The state representation of the
overall system is given by

ẋ = ADx+BDu+ h

y = CDx (3)

where AD = diag(Ai), BD = diag(Bi), CD = diag(Ci)
and hT = [hT

1 , . . . , h
T
N ]T . We propose the following pro-

cedure to design a decentralized observer via LMIs for
system (3). The observer has the following dynamics:

˙̂x = ADx̂+BDu+ LD(y − ŷ)
ŷ = CDx̂ (4)

where LD = diag(Li) is the decentralized observer gain,
x̂ is the state estimate and ŷ is the output estimate. For
the state estimation error e = x− x̂ the dynamics is:

ė = (AD − LDCD)e+ h (5)

For (5) to be asymptotically stable, a Lyapunov function
V (e) = eTPDe > 0 should exist such that V̇ (e) < 0.
Using this fact we obtain:

V̇ (e) = eT (AT
DPD + PDAD − CT

DL
T
DPD

−PDLDCD)e+ eTPDh+ hTPDe < 0 (6)

We use the following Lemma to obtain a quadratic form
for eTPDh+ hTPDe:

Lemma 1 For any matrices (or vectors) X and Y with
appropriate dimensions, we have the following inequal-
ity:

XTY + Y TX ≤ XTJX + Y TJ−1Y (7)

where J = JT > 0.

Using the Lemma 1 and (2) we obtain

eTPDh+ hTPDe ≤ xTHDHDx+ eTPDPDe (8)

Replacing (8) in (6), making the change of variable
PDLD = TD proposed in [2], writing an augmented
system for e and x, using the Schur complement and
limiting the observation gain LD through restrictions
on TD and PD [? ], we construct the following convex
optimization problem in terms of LMIs:

min kTD
+ kPD

s.a
PD > 0, WD 0 PD

0 HT
DHD 0

PD 0 −I

 < 0



[
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I TT
D

TD −I

]
< 0[

kPD
I I

I PD

]
> 0 (9)

where WD = AT
DPD + PDAD − CT

DT
T
D − TDCD, HD =

diag(αiHi) and LD = P−1
D TD. To illustrate the pro-

posed method we use the following example

Example 1

ẋ =


−0.4534 0.6946 0 0
0.4449 −0.3787 0 0

0 0 −0.2052 0.5226
0 0 0.9568 −0.1199

x+


0.1730 0
0.9797 0

0 0.2714
0 0.2523

u+
[
h1

h2

]

y =
[

0.8939 0.1991 0 0
0 0 0.2987 0.6614

]
x (10)

where

h1 = cos(x11)
[

0.0284 0.0065
0.0469 0.0988

]
x1,

h2 = cos(x21)
[

0.0950 0.0607
0.0231 0.0486

]
x2. (11)

and x = (xT
1 , x

T
2 )T , x1 = (x11, x12)T and x2 =

(x21, x22)T with x(0) = (1,−2, 1,−2)T .

Using the proposed method we find

LD =


126.6368 0
116.4463 0

0 145.6937
0 114.8357

 (12)

CONCLUSIONS

In this paper we proposed a new methodology for the
design of a decentralized observer for a class of norm
bounded nonlinear systems that use Lyapunov theory
and a alternative procedure to S−procedure [6] to deal
with the nonlinearities. From the numerical example
we notice that the estimated state follows the actual
state with high quality. Thus we can say that this work
reached its goal.
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Figure 1 – State x11 and x12 real and estimated.

Figure 2 – State x21 and x22 real and estimated.
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