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ADAPTIVE CONTROLLER WITH FAST CONVERGENCE

Joon

Lyou

Department of Electronics Engineering
Chungnam National University
Daejeon 302-764, Korea

Abstract: A way of improving the transient perfor-
mance is suggested for a class of model reference
adaptive control systems. To increase the conver-
gence rate of a model following error,

an error

feedback term is incorporated into the control law.

Introduction
Narendra and Valavani (1) presented the design
of stable adaptive controllers based on a  model
reference approach and a Lyapunov stability method
for unknown plant with single input and single out—
the

put. This paper is concerned with improving

transient performance of an adaptive controller
designed along the lines of Narendra and Valavani.
To increase the convergence rate of a model following
error, an error feedback term is incorporated into

the control law.

Formulation of the State Equation

Consider the transfer function of an unknown

plant given by

a(s)y(s) = kpB(S)u(S) (1)
where

a(s) = s™ + a, s 4 ol g oy (l.a)

B(s) = sM71 4 BpsP™2 4 --v 4+ B (1.b)

Also, u(s) and y(s) are the Laplace transforms of
scalar input u(t) and scalar output y(t), a(s) and

B(s) are relatively prime with B(s) a Hurwitz poly-

nomial, and kp is a constant gain. It is further
assumed that only n and the sign of kp are known
for use in the design of the controller. Without

loss of generality, the sign of kp is assumed to
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be positive

Let us choose a monic Hurwitz polynomial  of
degree (n-1) denoted by f(s)

£(s)=s""14f, 80" 240 .4 D=1 4£ Td(s) (2)
where f1=1{f,, fs,+-+, fn) and d¥(s)= Eh-2,..., s,

1).

w generated by

Let us introduce auxiliary vector signals vand

o 8(s) -
AT R T I 3
Note that the filters in (3) are actually imple-
mented as
v = Fv + hy
} (4)
w =Fw + hu

where the (n-1) x (n-1) matrix F and the (n-1)-di-
mensional vector h are the companion-form realiza-

tion given by

(4.a)

Dividing (1) by f(s) in (2) and specifying the
state vector as x(t)={y(t), v(t)T)T, (1) can be con-
verted into the following state egquation:

X +kpc{u+bTw} (5)

(6)



where a and b are unknown vectors depending on the

coefficients of @(s) and B(s), respectively. Note
that the elements of a and b are given by
a, = f,- o,
aj = (f34,-03)-fja; ;3 fp4,=0
by = Bi- f3
i=2,3,---, n (5.a)

Also,
(1,0,~-~,O)T,

the n-dimensional vector ¢ is defined as c=

Controller Design

In the model reference adaptive control design,

the desired behaviour of the plant -is expressed
through the use of a reference model. let the reference

model be given by

xy + kyer BAyxytkyer (7)

(8)

where r(t) is the reference input, kM is a contant,
and ay is predetermined such that Ay has desired pole
locations. Defining the state error and the output

error as e=x-xy and e;=y-yy, eqns (5)-(8) lead to

e = AMe+kpc{u+9Tw} )]

e, = cTe (10)
where

8 = ((amay) /kp, b1, ~ky/kp) (9.a)

b= &7, T, )T (9.b)

Now, to drive the state error to zero, the follow-

ing adaptive control law is proposed based on the

Lyapunov stability method:

u = -é(tjrw -z (11)
6 = rcTpew (12)
zZ = YCTPE i Y; (13)

where 8(t) is the estimate of 0, and z is an error

feedback signal introduced to increase the conver-
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gence rate of e. In (11) and (12), I' is a symmetric

positive definite(spd) weighting matrix, and y >0

is a weighting factor. Also, P is the spd matrix
satisfying
ATP + PA, = -Q (14
M M = )

for a given spd matrix Q. Applying (11) to (9), the

state error equation in closed loop becomes

. T

é = AMe+kpc¢(t) W—kpcz (15)
where ®(t)=9—é(t).

The overall error system is ccmposed of eqns
(15), (10), (12) and (13). The proof of stability

directly follows by using a Lyapuncv candidate

V=eTPeticyd I o (16)
Computing the time derivative with respect to (12),
(13) and (15), we get

i’:-eTQe—ZYkPEZ <0 a7

Hence, e(t) and ¢ (t) are uniformly bounded, and
furthermore e(t) converges to zero, as t - m(l).
In the Lyapunov synthesis, a positive value né—V/V
is regarded as a measure of the convergence rauJZL
The larger n is, the faster convergence speed be-
comes. In this sense, a sufficiently large valus of
Y forces (V) to increase resclt iy in fast conver-
gence speed.

In stead of (13), the auxiliary input suggested
by Lim and Eslami(3) mav be used. In this case, (13)
is replaced by
Tpe

z = -m(t)z + yc (18)
where m(t)>0 is an integral gain. Comparing to (18),
(13) is computationally simple and avoids the com-

plicated situation of finding an optimal m(t).

A Numerical Example

Consider the second-order plant given by
(sz+als+u2)y(s)=kp(S+Bz)u(s)

where all coefficients are unknown. Choosing f(s)=

s+4, the example plant can be rewritten as



% = = x+kp {u+bw} e (t)
v 1 -4 0 03-‘
K
1“ K
w = ~4w + u g\‘ ’h '
R R
y=(1 0)x ' 'l‘ 1 AT
i

Let us choose a reference model with poles at -3,
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Fig. 1 Transient Behaviours of the output error

For simulation purposes, we use a set of values (e1): with error feedback, ----

(0,20, a,=-1, kp=2, B,=2} or {a,=4, a,=15, kp=27 without error feedback
b=-2}. Using the proposed adaptive scheme, computer
simulations are carried out for model reference
adaptive control of the example plant. The results
obtained under the following conditions are present-

ed in Fig. 1 and 2:

3.5

r = step of height 5

80y = (1 1 1 -1) T 15

e(®) = (0 0)F

Jd)
' = block diag {5 T2, 5, 2} ~0.51 v
Y = 10, Q@ = 301,
) . . ) . . 2‘50' 30 t(sec)
where I, in the two-dimensional identity matrix. As
can be seen in the figures, it is apparent that Fig. 2 Trajectories of the input (u):
the existence of error feedback improves the transient —— with error feedback, --- without
characteristic with reduced input magnitude. error feedback
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