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Direct Adaptive Control Based on Neural Networks Using An Adaptive Backpropagation Algorithm
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Abstract - In this paper, we present a direct adaptive control
method using neural networks for the control of nonlinear systems.
The weights of neural networks are trained by an adaptive
backpropagation algorithm based on Lyapunov stability theory. We
develop the parameter update-laws using the neural network input
and the error between the desired output and the output of nonlinear
plant to update the weights of a neural network in the sense that
Lyapunove stability theory. Beside the output tracking error is
asymptotically converged to zero.

1. Introduction

Generally, the training method of neural network 1is the
gradient-based backpropagation algorithms. However the
gradient-based backpropagation method has the local minimum

problem when the input signal has large bounded disturbance signal.
And the gradient-based backpropagation may slowly converge.[1-4]

In order to solve those problems, an adaptive backpropagation
training method has been develped in. The concept of an adaptive
backpropagation algorithm is as follows. At the first, the Lyapunov
function V(k) >0 is chosen. Then the weights of a neural network
are updated to make AV(k)= V(k)— V(k—1)<0. We can use
Lyapunov stability theory. It is shown that error can asymptotically
converge to zero as time goes to infinity because the candidate of
Lyapunov function is error dynamics, [5].

In this paper, we propose nonlinear system controllers using direct
adaptive method. That controller is based on a neural network
training of the adaptive backpropagation method. In order to nonlinear
systems are stable, the controller can wuse the adaptive
backpropagation algorithm.

2. Main Results

2.1 Neural Network Structure

In this paper, we consider a feedforward neural network with three
layers. Fig. 1 shows a schematic diagram of neural network with
three layers. The output layer has a single linear node, the hidden

layer has n nodes, an input vector is
X(k) =z, (k) x, (k) -~ «, (k)]". The nonlinear function of hidden
layer is
1
z)=———, (1)
A2 1+e **
where o is a positive constant.

The output of the jth node in the hidden layer is
S, (k)= F](E]l w}ﬁl(k)x,.(k)).

The output is composed by each weights and nonlinear functions
as follows:

)

b, = S (RS = 30 (W7, Ew;_xkn,;(k)), @
i=1 i=1 i=1

where w}‘i is connection weight between hidden nodes and input
nodes. The wu}

,j 1s connection weight between hidden nodes and

output nodes.

x, (k)

<Fig. 1> Neural network with three layers

x, (k)

2.2 Direct Adaptive Control of Nonlinear System

In this section, we describe the nonlinear systems and design of
the feedforward neural network using adaptive backpropagation.

A direct adaptive control can be schematically represented by Fig.
2. It is composed of four parts: a nonlinear plant, reference signal for
compactly specifying the desired output of control system, a feedback
control law containing neural network, and an adaptation mechanism
for updating the weights of a neural network using adaptive
backpropagation (BP) [6].
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<Fig. 2> Schematic of a direct adaptive controller

We consider here the problem of controlling the plant is described

by the difference equation
y(k+1)= fly(k),y(k—1),--] +u(k),
where the function is very complicated.

We can defined the error signal as e(k)=y(k)—y,(k) where y,(k)
is the desired reference signal and y(k) is the plant output. The aim
of control is to determine a bounded control input w(k) such that
lime(k)=0. The input signal w(k) can be computed as follows:

koo
u(k)== fly(k),y(k—1), -] +y,(k). )
However, since fly(k),y(k—1),---] is complex, the controller is

4)
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estimated online as yn(k) using a neural network.
The control input to the plant is computed using yn(k) in place of
= fly(k),y(k—1),-] +y,(k) as
u(k)=y, (k). 6)
where, ¥, (k) is an output of a neural network.

We can apply controller using neural network not only complex
nonlinear function but also unknown plant.

2.3 Training method using adaptive backpropagation
algorithm

The Lyapunov stability adaptive BP algorithm in this paper is
aimed at constructing an energy surface with a single global
minimum point through the adaptive adjustment of the weights as
the time gose to infinity[5].

The first step in the development of such a learning procedure is
to choose Lyapunov function W(k)=f(e(k)), where Wk) is positive
function.

We can update the weights to make A W(k)<O0.

Then the weights w? J(k) and wjlz(k) are updated as follow:
k

B elk=1)= flylh—1),y(k—2),-] +3,(4)

(k)= nSTi=D) (7
| L[ el ) Sl 1)y 2), )
W= w [ WS =) ®

where [3>1,xﬁ(k)¢0,5j(k)¢0, Beside the error e(k) can

asymptotically converge to zero as time goes to infinity.

3. Simulation Example

In this section, we consider a three-layered neural adaptive contorl,
as seen in Fig 2.
The plant is as follows :

FLy(k).r(k=1)]=

y(k)y(k—l)[y(k)+2.5]

1+ 32 (k)+y* (k=1) 9)
The reference signal is as follows :
y, (k)= sin(?)+ s(%)+8 (10)

The inputs of a neural network are y,(k),y,(k—1), y(k), y(k—1).
Fig. 3 shows the output of plant and desired signal. Fig. 4 shows the
error e(k) between the reference signal yd(k) and the output of plan

y(k).
We can show the neural network output in Fig. 5.

Adaptive backpropagation output

0 2 4 6 8 10 12 14 16 18 20

<Fig. 3> The output of plant

4. Conclusion

In this paper, we have developed the neural network controller
using the Lyapunov stability adaptive BP algorithm. The error
asymptotically convergences to zero as time goes to infinity. The

Errar

<Fig. 4> An error

MNeural output U
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<Fig. 5> A control input

new controller has been applied nonlinear system in the simulation
section.

We will develop the controllers are the strong roboust input
disturbance and the general nonlinear systems using the Lyapunov
stability adaptive BP algorithm. Thus we will apply nonholonomic
systems such as mobile robot.
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