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1. Introduction

As it was mentioned in (Narenda et al., 1990; Ching-Teng Lin et al., 1996), many adaptive
control techniques, such as self-tuning control, self-tuning PID, etc. have been developed
and successfully implemented in many applications. More recently, many adaptive control
systems which use artificial intelligent techniques are developed to deal with increasing
complexity in control systems, such as non-linearity, unexpected load disturbances,
variable time delay, etc. In many direct adaptive control approaches, the actual system
error is usually use to tune the controller parameters. Several adaptive control strategies
also make use of predictive models in formulating their adaptation laws. A large number
of these intelligent adaptive control systems use neural network and fuzzy logic, and also
combination of other new paradigms (Kosko B., 1994; Lewis F.L., 1995).

In this chapter, we will develop an adaptive controller based on RBF network for
unknown nonlinear dynamic system. Design of adaptive controller is based on the theory
optimal control. Some applications of the proposed methodology are introduced. The
simulation results made by matlab showed that the synthesized adaptive control system
have good performance. 2. Statement of the problem

Let us consider the nth-order nonlinear dynamic system in the form:

xi = fi(x)
. @)
x2 = fp(x)
xo = fo(x) + u
T y N Xl ’
where *=(uX2%0) is the state vector; '=1" are nonlinear continuous functions; Y is

the output signal; Y is the control signal from controller.

The control objective is a determination of a feedback control U such that the following
conditions are met:

the close-loop system must be globally stable.
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where Ym is the output reference signal.

If the functions "'=%" are known, then the following control law can ensure the control
objective (Kolesnikov A.A, 1994):

G—F‘I‘—@}l{iw@wi“’—@n(g ®

oX;, T = 0X

where T is a positive constant; ¥(x) is a differentiable function of state variables and

#(0)=0 ; #(¥) is a continuous differentiable function responding the following conditions :
a) »(0)=0 . b) p(¥)*¥>0 for V¥=0

The control law (3) cannot be implemented since: a) fi-1=11 are unknown; b) part of state

vector is not measured variables. There are many practical situations where both a) and b)
are true. The adaptive controller developed in this chapter is suitable for these situations.
3. Design of the adaptive controller

The basic architecture of the adaptive controller is a standard radial basic function neural
network, plus an adaptive block which adjusts the parameters of the controller.

o] -t

|
To begin, let vle)=e, *2®2, where ; @ is positive constant; o(¥)=¥ Using

(1), we have:
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Substituting (4) into (3), we have:
R A T

fi, i=Ln

If the functions are known, then using control law of (5) applied to (1), we can

write the following differentiable equation for *1:

o noof,(X) . 1 1 1 y 1l
xlziz_l:alT(i—)xi = E‘P—;fl(g) = E(ym—xl—ocxlj—;x1 (6)
or
.>Zl+(l+1j>.<1+i(xl—ym)=0 (7)
a a

Using 2= "1 7 Ym we have:
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Z + a4z + 35z =0 8

= :1+1; ag :%

where @ . Solving the differential equation (8), we have:

Z(t) = CleXp{—%(ai—vaf—%o)t}+C2exp{—%(a1+4/af_4a0.t} )

where C1 and C2 are constants, which implies that tln_)rg|e| - main control objective.

Our purpose is to design a RBF neural network to approximate the optimal control of (5).
The RBF network with two inputs, Gaussian basic functions and normalized output can be
described as:

L(z | .J=/_1T£(§) (10)

N (ei)

i
where is the activation function of neuron A ; L is the number of neurons in

1
hidden layer; 4* are unknown parameters of controller, which have been adjusted.
The equation (1) can be written as:

).(1 = fi(x)
x2 = f,(x) (11)
Xn = f.(x) + u + u - u

— *T
Substituting (5) and approximated control signal by RBF-network output u=4"¢() into
(11), we can write last equation of (11) in the form:

. :(a%%)}l{w_(lm%% fl(g)—...—a(zf;ff) fn_l(g)}@ 27 ko)

Next, we develop an adaptive law to adjust the parameters of vector 4 which provides

that the close-loop system is generally stable. Define the Lyapunov function candidate:

1 2 1 7
V. = =%¥Ee) + —0' 0
> ¥e) A (13)
where O=4-4 ; v is positive constant. Using (11) and (12) we have a derivative of
Lyapunov function as
. . l . 1 1 . a
V = Y¥ + =99 = -=w219 { A-a —;( )} (14)
Y T Y X,

If we choose the adaptive law :
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then (14) becomes:
V = —Z¥2 <0 (15)

which guarantees that the close-loop system is generally stable. The overall scheme of the
developed adaptive control system is show in Fig.1 where C is an unit which inverts the

error signal e into the error vector €. Now, we make some few remarks.

Remark 1. The developed, in this paper, adaptive fuzzy control system using the error
vector as inputs signal for the controller is suitable in situations, when the state vector is
not measured variables.

Remark 2. The simple adaptive law makes easy to implement the adaptive NN-controller.
The quality of the control system depends on form and parameters of function .

Remark 3. In using the adaptive law (18), the choice of the constant y is very important. At
present, there has been no theoretical guidance about the choice of y; trial-and-error seems
to be the only practical option.

Ym
e y =X
e, C o NN Y, Plant .
A 'y
4
adaptive 4(0)
e law ¢

Figure 1. The overall scheme of adaptive control system

4. Applications
4.1 Adaptive Control of Nonlinear System Sat Function

In this section, we apply the adaptive RBF-network controller developed by proposed
method to control the following nonlinear dynamic system:

X2 = —X, + sat(xz)

. (16)
X3 = —X3 + U

y = X

The step respond of close-loop control system is shown in Fig.2 in which we can see the
controller could regulate the plant and the close-loop system is stable. The step respond of
the control system in situation, where y has different values, is shown in Fig.2.b. From this
we can see that the quality of the transient process depends on y.
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Figure 2. The step respond of the control system

4.2 Adaptive Control of DC Motor Containing Nonlinear Friction

The high-quality servos are largely described by nonlinear models. Their performance is
often limited by nonlinear phenomena such as friction and backlash. Therefore, we
consider a problem of this type, namely, a servo with nonlinear friction, which causes
difficulties and gives rise to poor performance in precision servos.

Friction compensation has been considered before. In order to address better the demands
of high fidelity control, adaptive friction compensation algorithms have recently appeared
in the literature. The use of a recursive least-squares algorithm to estimate the parameters
in a nonlinear friction model was described by Canudas et al. (Canudas et al., 1987).
Friedland and Park (Friedland B. et al., 1987) presented another adaptive friction
compensation scheme which was based upon a Lyapunov-like argument involving the
position error. Many other studies on friction compensation are reported in a survey paper
(Amstrong-Helouvry et al., 1994). However, these methods are based on the characteristics
of the nonlinearity and knowledge of some of the parameters, in contrast to the adaptive
methods proposed here.
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