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Abstract

The global stability of model reference adaptive con-
trol system (MRACS) in the idecal case was resolved in
the 1980’s.  However the improvement of the transient
behaviour of MRACS has not been discussed sufficiently
even in the idcal case. Ounly a few attempts have so
far been made at the application ol MRACS to the prac-
tical systems in contrast to the theorctical systematiza-
tion.  Therefore, when we consider the practical usage
of MRACS il is necessary to devclop an improved design
scheme with respect to transient behaviour.  In this pa-
per, we propose two design schemes improving transient
behaviour of MRACS by modifying the input synthesis in
the conventional design scheme of MRACS.  We present
a design scheme of MRACS in which we utilize the de-
sign approach of variable structure system(VSS).  Af-
ter describing the above design scheme, we also propose
the improved design scheme in which we introduce the
dead-zone decided by the magunitude of the output-error
between the plant and the reference model.  The cffec-
tiveness of the proposed two design schemes are shown
through computer simulations.  As the results, by using
thesc methods, the convergence of the transient response
is greatly improved in comparison with the conventional
one.

1 Introduction

When we apply an adaptive control to
the practical system, its transient response is
very important. A model reference adap-
tive control system(MRACS) is one of the main
Under
ideal conditions, the global stability of MRACS

was resolved.

stream of adaptive control systems.

It was reported that the per-
sistent excitation(PE) signals help to enhance
parameter identification, and that the tran-
sient behaviour is improved in the conventional

MRACS [1},[2].

However, it is difficult to

make the signals PE continually in MRACS in

practice.

In an approach to modify the MRACS
aimed at the improving transient response, the
input synthesis is modified with an additional
feedback signal which is introduced to counter-
act the error caused by parameter uncertainty
and the inaccuracy of parameter identification
[3].

In this paper, we propose two design
schemes of MRACS to mmprove the transient
response.  One is the design scheme in which
the input synthesis is modified with an addi-
tional switching function to counteract the out-
put crror: This modification is motivated
from the concept of variable structure(VS)
method.  As the results, the convergence of
the output error becomes very rapid in this de-

sign scheme.

However, it is possible that the chattering
phenomenon occurs because of the nature of VS
Although the

convergence of the output error is improved,

method in this design scheme.

the convergence rate of the parameter error be-
comes smaller compared with the conventional
one. In order to overcome these problems,
we propose another improved design scheme,
in which we introduce the dead-zone decided

by the magnitude of the output error.  That
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is, the above mentioned input synthesis is used
outside the dead-zone, and the conventional
one is used inside the dead-zone. In this de-
sign scheme, not only the chattering problem
but, also the convergence of the parameter er-
ror will be resolved by using the dead-zone.
This paper is organized as follows. In
Section 2, we explain the problem. In Section
3, we describe the conventional design scheme

of MRACS.

sign schemes which improve the transient re-

In Section 4, we propose two de-
spouse. In Section 5, we investigate the con-
vergence of these design schemes. In Section
6, we present the simulation results to illustrate

the effectiveness of these design schemes.

2 Problem Fdrmulation

We consider a single-input single-output
linear timerinvariant plant, which can be de-
scribed by the following

B(s)

4(t) = dutt) (1)
where
A(s) = s"+£:la,-s"_", (2)
B(s) = g bis™ 1 (3)

Assuming that the plant satisfies the following

conditions,

A1l) Polynomial A(s) and B(s) are coprime.

A2) The degree n is known.

A3) The coefficients a; and b; are unknown
constants, where by > 0.

A4) Polynomial B(s) is a Hurwitz polyno-

mial.

In (1), u(t) and y(t) are the input and the out-
put of the plant.  We consider the reference

model as

) = 300 W
where

Au(s) = s"+ ;—27‘21 ars", (5)

Bu(s) = :IE-:—; bars" 1 (6)

In (4), r(t) is the bounded reference input,
ym(t) is the output of the reference model and
Ay (s) is a Hurwitz polynomial.

The preblem considered here is to contract
MRACS in which the output y(t) of the plant
in (1) tracks the output yu(f) of the reference
model in (4) and to improve the transient be-

haviour of MRACS.

3 Conventional Design Scheme

In this section, we describe the conven-
tional design scheme of MRACS.

First, we introduce the following Hurwitz

polynomials.
n—-1 A
F(S) — sn—l + Z fisn_l_l. (7)
=]
By using the above equation, (1) can be written
as
b
y(t) = 5 {u() + 67¢w}, A>0 ©)
where
A T
ﬁ(t) = [£l(t)a T 1621{—1(0]
Gt) = Sgyult) ri=len—1
&L(t) = y(t)

sn—l——i

f,,+,'(t) = ]—(;)—y(t) i=1l~n-—-1
(9)
& T
9:' [917"'10211—1] (10)
: unknown parameter vector

corresponding to €(t).

Defining the output error as

e(t) 2 y(t) — ym(t), (11)
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then, the following relationship is obtained
from (4) and (8).

(5 + Ne(t) = bo{u(t) + 87 ¢()} (12)
where
82167 6, (13)
¢t £ 1), G
= [£7 (), m(@)" (14)
G () = (s + Nyar(0): (15)

By introducing the adjustable paramecter vector

-~

B(t) = [6:(1), -, Gan ()], (16)
the input is synthesized as

AT -

u(t) = =0 (1)¢(¢). (17)

By substituting (17) into (12), we obtain the

following error equation.

(s 4+ X)e(t) = oy (1)C (1) )
where
P(t) 28— 6(1). (19)

In order to achieve e(t) — 0 as t — oo, we usc

the following adaptive law
B(1) = I¢(t)e(t), (20)

where

r=r"so.

4 Improved Design Scheme

In this section, we propose two design

schemes for improving the transient response.

4.1 Design scheme I

We modify the input synthesis of the con-

ventional design scheme as follows

u(t) = =8 ()¢(t) — asgn(e(t) (21)

where

1 e(t)>0
sgn(e(t)) 2 0; e(t)y=0 (22)
-1 ; e(t) <O.

In (21), « is a positive constant decided by the
designer. In this design scheme, the adap-
tive law is the same as the conventional one.
Hercafter, we refer to this scheme as the de-
sign scheme 1. It was pointed out that the
above mentioned design scheme is robust in the
presence of modelling errors [4].  In this pa-
per, we clarify that the same design scheme is
cffective to improve the transient response of

MRACS. -
tion (22), transient behaviour of MRACS is im-

By introducing the switching func-
proved.  However, there is a possibility that
the switching function makes the input occur
the so-called chattering phenomenon. An-
other problem is that the convergence rate of
the parameter estimation value which is ad-
justed by (20) becomes slow when the output
crror e(t) decrease rapidly.  Therefore, it is
desirable to improve the convergence of the pa-

rameter error t(t) as well as the output error

e(t).

4.2 Design scheme II

For the above mentioned purpose, we mod-
ify a constant o in (21) of design scheme 1 such

as

o= { ap 5 fe(t)| > e (23)

05 le@®] <er,

where ag and e* are positive constants chosen
by the designer.  Henceforth, we refer to this

design schieme as the design scheme I1.
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5 Investigation of Convergence

We analyze the convergence of the above
At first, we ob-

tain the following error equations from (18)

mentioned design schemes.

and (20) in the case of the conventional design

scheme.
&(f) = —el(t) + bopTC(8). (24)
P(t) = —T¢(t)e(t). | (25)

Here, we introduce a positive quadratic func-

tion defined as

V() &SI + (T (0). (26)

We obtain the time derivative of V(t) along the
trajectories of (24) and (25) as

V(t) = —2el(1). (27)

In both design schemes, i.e., the design scheine
I and 1, substituting (21) into (12), we obtain

the following expression.

é(t) = —Ae(t) +boyp" () (1)
—asgn(e(t)). (28)

The quadratic function V(t) defined in (26)
yields a time derivative V(t), and it can be eval-
uated along the trajectries of (25) and (28) as

V(t) = =Xe¥(t) — abole(t)). (29)

Comparing (27) with (29), it is reasonable to
conclude that the convergence of the output er-
ror e(t) in the new design schemes is iinproved.
In the design scheme 11, since o = ¢ within the
range of le(t)] < e*, (27) must be adopted as
V(t). That is, it is prevented that the out-
As the
result, it is guaranteed that the parameter error

put error e(t) decreases too rapidly.

() as well as the output error e(t) decreases
simultaneously.

6 Simulation Results

In this Section, in order to confirm the ef-
fectiveness of the proposed design schemes, the
computer simulations were carried out.

The plant is described as

y(t) = G%%—S—)u(t).

The reference model is adopted as the follow-
ing,

ww (D) = —=or (i),

(s+1)

The following adaptive law is chosen.
8(t) = 20I¢(1)e(t).

The input synthesis of each design scheme is
like as follows.

Conventional design scheme:

wlt) = =0 (¢(H).

Design scheme I:

w(t) = -8 ()¢(1) — 0.8sgn(e(t)).

Design scheme II:

u(t) =~ ()¢(t) - asgn(e(?))

03 et >0.05
T 0 fe(t)) < 0.05.

The sine-wave with the amplitude of +£1 and
the periodic time of 30 sec. is used as the ref-
erence input r(t).

Fig.1, Fig.2 and Fig.3 show the simula-
tion results of the conventional design scheme,
the design scheme I and the design scheme
11, respectively. Comparing Fig.1{a) with
Fig.2(a), it can be seen that the convergence
of the output error e(t) is improved in the de-
sign scheme I.  However, from Fig.1(b) and
Fig.2(b), the covergence rate of the parame-
ter error norm ||4(t)}] in the design scheme 11
decrecases compared with the conventional one.

Morcover, the chattering phenomenon is seen

oA 01



in the input signal u(t) in the design scheme
I, ie., Fig.2(c). Comparing Fig.3 with Fig.1,
we can see that the convergence rate of the out-
put crror e(t) as well as one of the parameter
error norm |9 (t)]| in the design scheme II is
improved.  Furthermore, the chattering phe-
nomenon is not present in the input signal u(#)
in the design scheme 11, i.e., Fig.3(c). These
results show the cffectivencss of the proposed

design scheines.

7 Conclusion

In this paper, we proposed the two design
schemes of MRACS for the purpose of imnprov-
ing the transient behaviour. ~ We also anal-
ize the convergence properties of these design
schemes.  And we confirined the usefulness of
the proposed design schemes by using computer

simulations.
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Fig. 1. The conventional design scheme.
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Fig. 2. The design scheme I.
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Fig. 3. The design scheme II.



