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Abstract: This paper presents the adaptive control parameter identification of switched nonlinear system that
uses model reference adaptive control (MRAC) method to track the variation of the state error to approach the
ideal values. MRAC istreated as a class of switched nonlinear systems in which the unknown parameters appear
linearly. At the same time, switched systems ensure the whole system stay stability and avoid vibration. The
update laws are designed to change the controllers with the arbitrary switching signal so that the systems are
closed to the model reference system. The parameters approach the real system parameters when the systems
are stable, which achieves the control purpose. Simulation results show that the proposed method is validated.
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1. Introduction

Adaptation has been used in the controller design
for uncertain systems which are often parameter
uncertain and unmodelled dynamics. After some
decades development, adaptive control is
increasingly applied to the stability of systems and
dynamic performance analysis. At the same time, it
also used to petrochemical engineering, aerospace
and robots, etc. [1-3].

The system can achieve high-performance control
since uncertain conditions is the issue which is the
automatic control theory field concerning for long
time. Until now, the scientists proposed many kinds
of control strategies to solve unknown dynamical
characteristics. From all of this achievements, when
the dynamical characteristic structures are known and
parameters are unknown, which satisfies the
antecedent parameter conditions, we can use adaptive
control to asymptotic track the error [4-6]. Parameter
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identification has the practical vaues, because
adaptive control systems require online identification
which can combine with industrial process control
and practical model study. System identification is
the method and theory, which establishes the
mathematical model of the systems. System modeling
and model identification are the basic question of all
the problem of control [7, 8].

Switching system is a kind of complicated
systems, which is a hybrid system that is composed
of a family of continuoustime and discrete-time
subsystems and a rule orchestrating the switching
between the subsystems [9-11]. Switching and logic
have been used to overcome some of the limitations
in traditional adaptive control, such as separating the
time scales associated with adaptation and the
dynamics of the underlying process. Switching
systems are always used to select the best controller
from al the candidate controllers to enhance the
control performance when the control processing.
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The adaptive laws of traditional adaptive control for
switched systems are composed of the state and state
tracking error, because the same state are shared with
al the subsystems and the estimation variables will
update their values when the corresponding
subsystems are inactive. While the method in this
paper is that different adaptive laws are devised for
both active period and inactive period of each
subsystem so that the performance promotes to some
extent [12-16].

This paper involves the estimated parameters of
adaptive controller asymptotic convergent the true
values, i.e. the parameter estimated error becomes
zero; the controller is equal to model reference
adaptive control feedback controller. Then using
Lyapunov method to design adaptive controller and
analyze the stahility.

2. Controller Design and Stability
Analysis

In this part, the error tracking issue for a class of
switched nonlinear systems is formulated.

We assume the switched nonlinear system of
the form

X= _fo'(x7t79) + gg<xﬂt) U+ p(X,t) (D

where xe R", ue R" are the state and input of

the system respectively. d,(Xt)e R and

p(x,t)e R" are the known functions. To ensure
the controllability of the system, we assume that there
is the positive constant g, € R* and g, (X,1)
satisfies that

|g(7 (X’t)| 2 gO

And the structure of f_(X,t,0) € R" isknown,

but the parameter @ ¢ R™ is the unknown function,
it satisfies the linear condition

f,(%1,8) =Y, (X1,

where Y_ (X,t) € R™™ symbols the known matrix,

when x(t)e L, Y, (X,t)e L..

The SPR (strictly real positive) reference model
isthat

X (8) = Ay Xy () + By r ()

The purpose of control system is tracking the
expect track X, € R", we define the tracking error

€= X, X 2

The derivation of (2) and combine with (1), we
can obtain that

e=x,-X=x,+f_(xt,6)
- go‘(xit)'u_pc(xit)

The problem switches to design a controller U

to guarantee the error € is asymptotic convergence.
So we define that

u =Y (x1)8,(t)+ket), ®)

where K isthe positive gain, éa(t) is the estimation

of the parameter of 4.
So we can receive that

e=Y,(xt)é (t) - ke(t), 4
where
6. (t)=6_-6.(t), (€

Therefore, the adaptive laws are designed as

6 =TY(x.t)Pe(t)

where I and P are the symmetric positive
matrixes.
Consider the Lyapunov function

v=1eperiorio
2 2

01 1—‘1
and I' =
eN FZ

Taking the time derivative of VV and using (4),
we obtain

where @ =

V=ePe+d'T'd
= €' P(Y,(x 1) (t)—ke) - T4,
=0 [Y;(x,t)Pe— 1“‘10;} —ke'e
=—ke'Pe<0

This implies that under arbitrary switching signal,
eel,NL., ®Pel addel,NL,_.
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According to Barbalat lemma, we can prove that
!'_[Q &(t) =0, which means that the tracking error

asymptotic convergent zero.

3. Prove

For (4), according to the closed-loop
characteristic of error, we can get the derivation of it
and combining with (5)

&) =Y, (x )6, (1) +Y, (x )8 (t) - ke(t)
= Y(x,1)8, (t0—Y(x, )Y (x, t)e(t) — ke(t)

So é(t)e L., therefore &(t)
continuity. We also know that !'_)Te(t) =0, pased
on this and used Barbalat lemma we can get

uniform

lime(t) =0
Combine with (5)
limY (xt)8 (t) =0, (6)

t—oo
Define 1 (persistent excitation) for the signal
w(t) e R" can be used to arbitrary t, € R™ when

there are positive constants ¢, @,, e R* and
tg+6 T )

ol SL w(t)w' (7)d7 < a1, where | is
0

the N degree unit matrix, so this called that W(t) is

persistent excitation.
Theorem 1 (parameter identification of adaptive
control theorem) the defined adaptive control

algorithm for (3) and (5) when the signal Y (X,t)
satisfies the persistent excitation, this algorithm is not

only can achieve error asymptotic convergence, but
also can get the parameter asymptotic identify the

target, i.e. {I_)IE éa(t) =0_.

From (6), we know

limly, (x8, O] Y, (8, ) =0
limé, Y] (1Y, (0}, © =0

So we obtain that

)

According to the persistent excitation of signal
Y, (X,t) , obtain that
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According to (7) and (8) we know
!imgg t)=0

In other words, the system achieves parameter

asymptotic identification g{} éa(t) =0.

4. Example

Let N =2 and the subsystems of the switched
system are

X = —0.45x> — 0.6x* + u(t)
X =—-0.42x" — 0.9 + u(t)

Thereference model systemis
Xy, ==Xy +r(t)

Thereferenceinput is

(k) = 1 k=12---,N
o other

Theinitia conditions are chosen as

Xyo(K) = (0 O) X, (K) = (1 0)
(10 Oj
=
0 10
(20 Oj
P=
0 20

Simulation results are described in Fig. 1-Fig. 4.
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Fig. 1. Output error of the switched system.

Fig. 2. Switching signal.
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Fig. 3. Parameter identification of system 1.

Fig. 4. Parameter identification of system 2.

5. Conclusions

The purpose of this paper isto design a controller
with the adaptive laws for nonlinear system to
achieve asymptotic identify the parameters, at the
same time, switch the system which uses the
switching function when switching signal is coming.
From the simulation results, we can find that different
switched systems have different identified processes.
The problem is that there are slight errors between
the estimated parameters and the real parameters,
which is for the systems are not static error control
systems. The stability of system which proves with
Lyapunov function must find out a suitable adaptive
law, so it needs to link relation between the controller
and the Lyapunov function. When we find the
suitable parameters, the system can approach the
model reference system. There is still one problem
which is the state error that we cannot observe in
practical control. So the next work is to design a
controller observer to track the state error.
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