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On simultaneous parameter identification and state estimationdr
cascade state affine systems

M. GHANES, G. ZHENG and J. DE LEON-MORALES

Abstract—In this paper, an adaptive observer is proposed Furthermore, some sufficient conditions in order to guaran-

to solve the problem of simultaneous parameter identification tee the exponentia| convergence of the proposed adaptive
and state estimation for a class of cascade state affine Systems. pserver are given.

Sufficient conditions are given in order to guarantee the ex- . . .
ponential convergence of the proposed observer. Furthermer, Besides, according to [2], the problem of synchronization

simulation results are given illustrating the performance of the  Of chaotic systems has been related to the concept of obbserve
proposed observer when it is applied in the synchronization design from theoretical point of view. Therefore, in order t

and identification problem of Rossler’s chaotic system. highlight the feasibility of the proposed observer, we gppl
Index Terms— Adaptive observer, synchronization, identifi- it to treat the problem of chaotic synchronization. In fact,
cation, Rossler's chaotic system the topic of synchronization of chaotic system has attrhcte

many researchers’ attention since the work of [3]. After
that, many applications of chaotic synchronization hawnbe
[. INTRODUCTION developed, such as chaotic secure communication based on

Nonli b desian i . tant problem i thsynchronization of chaotic system [4], [6], [7], [5] and [12
oniinear observer design Is an important problem in the Inspired by these works, in this paper, secondly, we also

theory of systems. It is clear that no general proceduretsexis[ry to deal with the synchronization problem for Rossler's
to construct a nonlinear observer for a general nonlinesr sy

¢ H f | f i : d chaotic system based on the proposed observer in order to
em. owever,. or a class o npn 'T‘ear sys_ ems, un _(_ar_ SOMG: only estimate the state of system, but also identify its
extra assumptions, such as Lipchitz, persistent excitjng. unknown parameters at the same time

is possible to construct the observer. For the purpose td sta The paper is organized as fO||OWS" In section 2. some

estimation, many works have been devoted [14],[13],[][1 basic notations about the considered nonlinear systems are

HOW?‘_’e“_ Whgn dealing with th_e _problem OT paramete|rntroduced. And section 3 is devoted to adaptive observer
identification, it becomes more difficult. The simultaneous, _ . .
: o S design for such class of cascade state affine systems. In

parameter identification and state estimation problem has _: . . ) .
. Section 4, an illustrative example dealing with the synehro

been attracted the attention of various research groups si nization and identification parameter problem of Rossler's

it is very useful to treat many practical problems, such as : o ) : .
; X Jn Chaotic systems is given. Simulation results are presdnted
fault detection, signal transmission or control, and régen

for synchronization of chaotic systems. Motivated by this rbdseerr\t/(;remphamze the performance of the proposed adaptive
b :

interest, several approaches have been proposed to simuﬂ
neously estimate the state and identify the parameters. In

[8], author has proposed a novel adaptive observer with an Il. NOTATIONS
_appropriate adaptation law for the unknown parameters. And, | this paper, we are interested in designing an exponential
in [10], the unknown parameters were treated_ as the exte_nd(? server for the following cascade state affine system:
state of the system, in such a way the existed ‘classical’

nonlinear observer design methods can be applied to the

augmented system. All these methods can be used to desigr{ 2=Ay,u,z,0) 2+ B(y,u,20) + ¢ (y,uz0)0

nonlinear observer for a large class of nonlinear systeoh su y=0Cz
as linear time invariant/variant systems, and a class o sta )
affine systems. wherez € R", u € R,y € RP, § € R are respectively the

In this paper, our goal is firstly to design an adaptivétate' known input, output of the system and the parameter,

observer in order to estimate the unmeasurable state igsiapUnction 4, 3, ¢ and C' are the matrices of appropriate
of the system and to identify the unknown parameterdimensions, and the components of matrix and vectors

simultaneously for a class of cascade state affine systents@nd ¢ aré continuous functions depending on u, y and
21y Zim1,01,..,0;_1, for 1 < 4 < p and uniformly
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Assume thaty; is persistency exciting so that there exist

A(y,u,z2,0) Yoi >y > 0, To; > 0 andt, > 0 and some positive
= definite matrixX, such that the following inequality holds
A1 (y,u), t+Ts ;
dzag o ’ 7171[ < / A? (S) OZTEZ (S) C,’Ai (S) ds < ’}/271‘[
Ap (y,u,zl,...,zp_l,ﬁl,...,ﬁp_l) /
C =diag( Cy, -+, Cp), forall t>tyandforl <i<p.
Assumption A3. We assume that the components @nd
B (y,u) 0 are bounded i.e. there exist positive constants such that
Blyu) = : : =l < 7, 16:]) < o
B (4t 20,0, 21,0150, O ) and the following inequalities hold
¥ (y>u7 2, 9) A Al < = 5A — A
_ 1Ai = Asll <> 6 lesll + > o5t llea,
o j=1 j=1
e1 (Y, u), . -
dZCLg ey ~ 3 3
ep (Y uy 21, 0y 2p—1,01, ., O0p 1) 15: = Bill < ;53‘ llejl + JZI o llea, |
i—1 i—1
wherez; € R™, 0; € R%, y; € R, A;, B;, v, C; are the A < 5¢ ©
. . . . D — Ol < “lleqill + “|leq.
matrices of appropriate dimensions, oK i < p, u € R, i = il ; J les ;Qﬂ lea,

And Zle n; =n, Zle g =q. )
wheree; = z; — 2, andey, = 6; — 0,, for 1 <i <p.
In the sequel, the dependence of _ _ .
Uy Yy 21y ooy 213 01y ooy 01 @Nd 241,01, ...,0i_1, With Theorem 1. Consider system (1), if assumptions Al, A2
A;, i, B; and A;, ¢;, B; will be omitted in order to lighten and A3 are satisfied, then the following system
notations.

z = A(y,u,é,é)é—i—ﬁ(y,u,é,é)—l—tp(y,u,é,é)@
+{STICT + ATT'ATCT} S (y — C32)

Ill. ADAPTIVE OBSERVER FOR CASCADE SYSTEMS

Before introducing our main result, we establish the
following assumptions: where

Assumption ALl If the input is persistently exciting, in b= A+ B + @iéi

the sense that there exist; > a1 > 0, Ty; > 0 and +{S71CT + ATTIATCT Y S (v — Ci2))
to > O such that for a_II |n|t|_al_cond|t|0nr0, the following S = —piS; — ATS; — SiA; + CTS,0;
condition for allt > t, is satisfied: . . T .
hi={A; - s7icTmici} A+ o
t+T1 5 éi = F:lAZTCLTZz (yZ — Cléz)
[ Wty () CT1(5) Cob i s @
) is an exponential observer for system (1), whgrand\; are
< il sufficiently large positive constants ahgd are some positive

definite matrices foll < i < p.
where ¥, ., ;) denotes the transition matrix for the system - T
Proof: Sete = (e1,...,ep)" andes = (eq,,...,€q,)

{ Zi = Ai (Y w215 s 2zim1, 0 s 0in) 24, the state estimation error and the parameter estimation err
yi = Cizi respectively, where; = z; — 2; andey, = 6; — 6;, and6; is
and ¥; is some positive definite bounded matrix, fora constant, fol <i < p.

1 <4< p.

For a general case of for 1 <i < p, the estimation error
Assumption A2. Considering matrix dynamics fore; = z; — 2; andey, = 6; — 6; can be obtained

] as follows
A= dzag {A17 7Ap} ) el _ (Al _ S_loTZlCZ _ AIF—IATcTzlcl) e
whereA; is a matrix defined by Foieq + (1211, —A) 7+ (52 s

A= {4 = S7'CTSCi} Ai + i + (@i — i) 0;



and we get

g, = _F;IAZTCZTZZCIQ v; < —pielTS,‘Gi - /\iegif,-egi
. . . i—1 i—1
Introducing the following change of variable +Z {L§,1 n L§2} leil|? + ZL§,1||€J‘||2
€ = e; — Ajeg, ®) -~ =t
we get + Y L sleq |1?
j=1
. . A where
G = (ospeime)a (Ao ) Ly o= |8 {06 + 6] + 607 )

i — B pi — i) 0; :
+(B=8) + 0w o= IS {orel + o +ofer )
BecauseS; and I'; are some positive definite matrices . L . 1 1
according to Assumptions Al and A2, a candidate Lyapundd" 1 =@ =P 1 <j<i—1 with Lj, = Lj, = 0.
function can be chosen as follows .
By applying
v = E?Siei + eglfiegi
lz +ylI* <2 (=]* + [lyll*)

Hence its time derivative is given b . . .
g y and after straightforward computations, we obtain

b = —pi€; Sie; — Nieg Lieo, . E;;ll (L;—,1 + L;'-,Q) Tg
V; — P — € i€
— (Ei + Aq;(igi)T CszfLCZ (Gi + Aiegi) v pi ;i v
1275, (Az - Ai) zi + (BZ - 51‘) *)?ieg;Fieei;
+ (@i — i) 0; izl L
+ J €; Sj€;
According to Assumptions Al, A2 and A3, we obtain j=1 ;i
i—1 1 2 7
2L5 1 14117 + Lj o
+ { I ;(j L ez; Fjegj
b < —pi€l Sie; — Nieg, Lieo, =1
i1 i1 which follows
A A
+2]lell1Sil 4 67 [ D 57 llesll + D of'lles, | i1
=t = Ui < —pivi + Z Ki,jVj
i—1 i—1 Jj=1
w2leilllsill § 3287 llesll+ 3 ¢ leo, | )
j=1 j=1 where p; = ming p; — %W,Al} and
- - 2Ly 2LELIAGIPHLE, )
+2| |15l < 8¢ Zéf”ejﬂ + ZQ}”He@j” Kij = max{ S T }’ with k1 ; = 0.
j=1 j=1
As a result, the whole Lyapunov function can be chosen
which can be rearranged as follows asv =Y+ , v;, whose time derivative i$ = >”_, v;, and
we have
p i—1
0 < —piel Sie; — \iel Tseq,
oS il Siei = heg Tieo IR M Oy
A 0 = 1=
2leilllSill Y {8707 + 87 + 6757 } ey | ) )
j=1
+2lleilllsill Y {o7 e + of +670f } leo, | = s
j=1 .
! Consequently, ifi = min {Mm > Z‘j:iﬂ Kji, 1 <4< p},
Hence, using the following inequality then we obtain
< —puv <0
1 2 2
[yl < 5 (Nl + 1ty l1*) and this ends the proof. N



IV. APPLICATION INTO CHAOTIC SYNCHRONIZATION From figure 4, the chaotic system (5) with the parameters
AND PARAMETER IDENTIFICATION a=0.2,b=0.2, ¢c= 5.7 and initial conditionsz; ; = 2,

As an illustrative example of adaptive state affine obsefl:2 = 3, z2 = 2, exhibits the chaotic dynamics.

vation, let us consider the synchronization and parameter

identification problem of a chaotic system. It is well-known Now, for this cascade system (5), the proposed adaptive
that a chaotic system is a nonlinear deterministic systefPserver (2) is applied and designed as follows:

having a complex and unpredictable behavior. The sensitive

dependence on initial conditions and the parameter vaniati

is a prominent feature of chaotic behavior. In the sequel, we ( 2, = A; (y,u) 21 + 51 (y,u) + 1 (y, u) 64

apply the proposed observer to simultaneously estimatiessta +{sy'ct + AT 1AT01T} Y1 (y1 — C141)
and identify parameters for a given chaotic system. S1=—p;S —ATS, — S1 A + CTs, ¢

A1 {Ai-sr CZC’l}Althpl
A. Chaotic system = -\I +ATCT S 0 A,

Considering the following 3-dimensional autonomous 91 =T7IATCTS, (yy — Ch5)
Rossler’'s chaotic system described by [15]
Ty = —T3 — 13 2= Ay <y,u,21,é1) 20+ Bo (%U,él,él) ®6)

i‘g =1 + axo (4)

s (105,01}
$3:b+$5($1 —C) +<)02 (yvuvzla 1 2

+{8y'¢cF + AT AT COT } B3 (y2 — Ca2a)
Sy = —psSs — ATSy — Sy Ay + CTS5Ch
Ay = {1212 - 551052202} Ao + @9
Iy = = Aoy + AL CF 5505,
0y = T3 AT CTS, (yo — Ca2s)

where z;(1 < ¢ < 3) are the state variables, ardb, c
are all positive real constant parameters. The actual syste
parameters of (4) are set to= 0.2, b = 0.2, andc = 5.7

for exhibiting the chaos phenomenon.

B. Change of coordinate and transformation into cascade
system where

By considering the following change of coordinate .

{ Z21=1[%51,% Q]T;fil A1 (y,u), 81 = B (y,u),
- 21,1 z1 ¢1 =1 (y,u),01 =a,Cr = ( 1)
< ! > 21,2 o

2 22,1 To + T3 and
wherez; € R?, z, € R, the chaotic system (4) can be
rewritten into cascade system (1) as follows: 20 € R Ay =21, ﬁ1 =Z11 +yi(a—21),
¢1=(1 yQ*yl) bo=(b ¢).Cy=1
Ax (y,u) 21 + B1 (y,u) + o1 (y,u) 1
(?Lu 21,01) 22 + B2 (y, u, 21, 6h)

+<p2( w21,61) 6 ®) C. Smulation results
Y1 = 21,2
Y2 =22 The aim here is to illustrate the simulation results obtine
wherey; € R andy,; € R, with by the proposed cascade observer when it is applied in
the synchronization and parameter identification problem
A (y,u) = (0 0) of Rossler’s chaotic system. The chosen numerical values
1o (initial conditions and parameters) for Rossler’s chaotic
_ (Y2 cascade system (5) are given in section (IV-B) while the
e = (37)). .
values of its observer (6) are as follows.
on (3, 1) = (0> The initial conditions are )
n Zi1=212=2%2=0; bh=a=0,0, = ( ¢) = O1x2.
b1 = a, S51(0) = 2L x2, A1(0) = O2x2, I'1(0) = 10Lax2; S2(0) =
and A2(0) = 012, ['2(0) = 10L42.
The gain were chosen gg = 20, \; = 15; ps = 20,
As (y,u,21,01) = 211, A2 = 15.
B2 (y,u, 21,01) = 211 + y1(a — 21,1),
w2 (y,u,21,61) = (1 Yo — yl) , The simulation results obtained with the proposed observer

b= c). are illustrated in Figs. 1 to 7.
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Fig. 4. Three-dimensional phase portraitzaf1, z1,2 andz2 with initial

Fig. 1. 21,1 and its estimate
conditionszy,1 = 2, z1,2 = 3, andzp = 2.
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Fig. 7. Parametet and its estimate

Figs 1, 2 and 3 illustrate the simulation results of the
estimation of state variables, i.e. the problem of syncizasn
tion. The parameter identification results are depictednfro
Figs. 5, 6 and 7. Simulation results show that the proposed
cascade state affine observer performs well. In all casas, st
variablesz; 1, 21,2, z2 and parameters, b, c indeed appear
to be well estimated.

V. CONCLUSION
In this paper, the problem of adaptive observer for a
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G. Besancon, J. De Leon-Morales, et al, On adaptive rebee for
state affine systems, International journal of control, WIr¥o.6, 2006,
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mission of digital signals by chaotic synchronizatiohit. Journal of
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G. Bastin and M. Gevers, Stable adaptive observersdalimear time
varying systems, IEEE TAC, vol 33, no 7. 1988, pp:650-658.

G. Kreisselmeier, Adaptive observers with exponeréd¢ of conver-
gence, IEEE TAC 22, pp. 2-8, 1977.

Wei—Der Chang, Parameter identification of Rossler’'s chaotitesys
by an evolutionary algorithm, Chaos, Solitons and Fractd, pp.
1047-1053, 2006.

class of cascade state affine systems has been discussed.

Sufficient conditions have been given in order to guaran-

tee the exponential convergence of the adaptive observer.
Furthermore, it has been shown that the adaptive observer
has an arbitrarily tunable rate. One practical interest of

such observer is to study the synchronization and parameter
identification problem of chaotic systems. An example of

synchronization and parameter identification of Rossler’s

chaotic system has been studied in order to illustrate the
feasibility of the proposed observer.
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