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Abstract

In this study, a neuro—fuzzy controller based on the characteristics of fuzzy controlling and structure of artificial neural
networks(ANN). This neuro-fuzzy controller has each advantage from fuzzy and ANN, respectively. Plus, it can handle
their own shortcomings and parameters in the controller can be tuned by on-line. To verify the proposed controller, it has
applied to the AC servo motor which is popular item in robot control field. General PID and fuzzy controller are also
applied to the same motor so stability and good characteristic of the proposed controller are compared and proved.

TRY 2

Especially, the experiment for variable load is investigated and performance result is proved also.

Keywords : Neuro-Fuzzy controller, neurons, back propagation, AC servo motor

I. Introduction

Many researchers have recently studied intelligent
controller in order to solve problems with classical
methods of control, and what is remarkable of all is
Fuzzy Control using expert’s knowledge or experience
or linguistic variables and Neural Network Control

with learning ability™ ™,
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The characteristics of fuzzy control are: First,
fuzzy control is a type whose algorithm corresponds
to usual language and can embody interactive
controller because 1t easily adapt to vague knowledge
of human, and therefore it is easy to understand the
structure of controller and to modify control rules, so
that learning ability is readily offered. Second, it has
a parallel structure of control that control input is
determined by control rules with plural forms of
I[F-THEN. With the structure of control, it can be
adapted efficiently to control of plant with nonlinear
and complication plant. Third, it is a logic type of
control that is based on fuzzy logic and determines
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control input by inference on a language type of
control rules®*™¥,

And the characteristics of neural network are:
First, with learning ability, neural network can adapt
itself to changing control environment and can leamn
just by the type of mput and output. Second, it can
work real-time performing random data mapping by
parallel distributed processing, and it has robustness
for against noises. Third, it does not require difficult
theories of control, knowledge of system, or other
environment models® ™,

Fuzzy Control and Neural Network Control have
many advantages as above, but fuzzy control also
has a drawback that you have to set new control law
and membership function every time types of system
change even after law and
membership function”®. And neural network has a

drawback that while learning, it can easily fall onto

you -set control

local minimum instead of global minimum, and it take
much time to make as many neurons learn as how
complicated the system!”.

In order to make up for the defects, research on
integration of neural network and fuzzy control is
under way recently. Using back—propagation learning
algorithm, Iwata mput fuzzy
rultilayed neural networks and showed how to use it
for Fuzzy Control. Besides, Horikawa used expert
experiences so as to autorpatically find out Fuzzy
rules and then membership function.

control rules into

The Controllers operating two control systems in
parallel has a defect that on-line tuning is impossible
to be performed because it take a lot of time to make
all parameters and fuzzy rules for controller when
system parameter changes the feature of system. And
it did not make up for each defect that fuzzy control
or neural network has about fast response and
stahility.

This paper designed a basic type of Neuro-Fuzzy
controller that maintains fuzzy control and organizes
details in neural network to coordinate merits and
demerits of fuzzy control and neural network and

make on-line tuning possible.
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In order to assess performance of the controller,
we applied to speed control of The AC Servo motor
and verified its basic characteristic as controller by
the comparison experiment with PID controller which
is most generally used. Besides, we verified stability
for nonlinear system such as load disturbance by
changing load in order to check suitability as a linear
controller and by experimenting PID controller and
Fuzzy controller and their characteristics.

II. Neuro—fuzzy controlier
2.1 System configuration and servo motor

modeling
Speed as in Fig. 1.

output

a8 1. RRAMENET| $EHOAAHY
Fig. 1. Speed control system of the AC servo motor,

Here you can set reference input as r = u(kT), the
output of plant as s = ¥(kT), and T is the sampling
period.

The input of Neuro-Fuzzy controller is shown by
the output of plant, an error with reference input
e(kT) and a change rate of error ec(kT) is defined as
the equation(1).

e(kT)Y =u(kT)— y(kT)
e(kT)—e(kT -T)
T

oy

ec(kT) =

The following equation(2) shows mathematical
modeling of AC Servo motor.

di, (t)
e, (t) = Raz',l(t)+LaT+eb(t}
T (t)= J, d“;it) + B w(t)+ Ty

ep(t) = ko T, (t) = ki, (t) @
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In order to control of AC servo motor based on
equation(2) output state variables when used for
designing PID controller becomes error of reference
speed at equation(3) and real speed.

€y ™ wref

w

)

So equation(4) is the conclusions of the AC servo
motor speed control system to design of state
feedback PID controlier.

£ S i W S T A
y = [01][“} )

Equation(5) shows transfer function of AC servo
motor.,

w,, (s) _ k,
E(s) ~ (R+Ls)B, +J,s)+kk )
To

£d(3) 1 1 4 ] (e

* Rat Lad ] Bt InS s )
Kp
a3 2. MEMSIe B8ME
Fig. 2. Block diagram of a servo motor.

2.2 Structure of Neuro—Fuzzy controller

The basic structure of Newro-Fuzzy controller in
this paper takes the form of Fuzzy controller, and
separate elements are composed of a neural network.
Therefore, as shown in Fig 3 below, the structure of
this controller contains the parts of fuzzification,
inference engine, and . the parts of defuzzification.

AC M2 2EQ £% MO E A% w2-HX o7 €4
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Fig. 3 Structure of Neuro—-Fuzzy controller.

2.2.1 Fuzzification
In this paper, Neuro-Fuzzy controller use an error E
and change rate of error 4 E as an input signal, both
of which are calculated by the comparator. In order
to calculate the two input signals through qualitative
fuzzy. Fuzzy process, is carried out by means of
membership function and nonlinear quantization. As
shown in Fig 4, Membership function and nonlinear
quantization are adopted in this paper, representing,
the narrower the width of membership function and
the larger error value, the wider the width of
membership function in a specific area of smaller
error range. And the membership function is adopted
as sigmoid neuron. This process has advantage that
more accurate value of membership function can be

NB NM NS ZEPS PM  PB
-6 -5-4-3-2-10123 4 58
a8 4 KT

Fig. 4. Membership function.
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created within short time by reducing countless
IF-THEN sentence which created in the process of
programming Fuzzy controller.

2.2.2 Inference engine
In this paper, it define the part of qualification as
compound proposition and part of conclusion as unity
proposition .The general equation (6) is as follow;

R :IF EisA and CEisB, THEN ZisC,
for =123 n

Here, E is an error, C E is change rate of error
and Z is control input. And A,B;,(; are quantitative
linguistic value to each variable. Fuzzy control rule
used in this paper is the table 1.

As in this paper, in case that the part of
qualification of fuzzy rule is defined as compound
proposition, because fuzzy logical AND is adapted
among each fuzzy proposition of the part of
qualification, fuzzy rule can correspond to nonlinear
which result from the coupling of input variables
itself. Membership grade of the part of qualification

©)

compound proposition can show the fitness of each
fuzzy rule.
designed in this paper, by arranging sigmoid neuron
so as to correspond to each fuzzy rule, ensures link
weight each neuron possesses show the fitness of
that rule.

Neuro-Fuzzy controller which was

1. HXFH
Table 1. Fuzzy rule.

22.3 Defuzzification
Defuzzification process in this paper

adapted method
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of the center of gravity with the whole excellent
quality. This is the method by which you can find
the center of gravity in synthesized fuzzy set of
output.

The general equation 7 is as follow :

k
D ) eu;
= —————————j=1

»u(uj)

)

n:  quantization level
Uy

M. Experiment and result examination

In this paper, we applied a Neuro-Fuzzy controller
to an AC servo motor speed control generally
composed of a mathematical modeling and a
linearization to design a nonlinear controller. With the
digital servo system made up for that purpose. We
compared PID controller and Fuzzy controller as
performing with no-load and variable load experiment
in the same condition for the evaluation of a tracking
capahility and stability of Neuro-Fuzzy controller.

3.1 Experimental Devices

Fig. 5 shows an experimental configuration and
real pictures of Servo motor. A composed digital

]
loverter )
AGBT) v

AC Sexwe
Motor

Incremental
Encoder

=
Fig.

AYFHTY

Experimental system configuration.

5.
5.
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Table 2. Specification of the AC servo motor.

38&9 Pr 200 ¥
Ade3 Tr 6.50 Kgf-cm
4544 N 3000 rpm
AE44H Ir 3.54
344¢ Er R
LE e Tf 0.5 Kgf-cm
71AR A s Km 6.25
A7IFNAs Re 0.48
% ¥ 1.9 Kef

E 3 MEAO{T] ApeF
Table 3.  Servo controller specification.

A4 @78, AC100[V] +10%, 50/60[Hz]
BA&g84% +120V Max
A48 R 6.5[A]
HEEHEF 50 ~200[W]

applies a high performance
Microprocessor (H8/532) that is way to control a

motor revolution as regulating a current supplied in a

servo  system

motor down adjusting a PWM pulse, where PWM
frequency is 6.7[kHz].

An amplification for motor operation with a
separated power supply (max 75V) used MOSFETs.
A digital servo system performs a programming and
debugging, then downloading to a operating circuit of
a servomotor with a parallel port in IBM-PC.

A motor used in this paper has the maximum
power 200{w] and the encoder(1000 resolution) for
measurement of speed.

Next table 2 informs the Servo motor specification
and table 3 is about Driver of Servo motor

g 6 MBSV 157
Fig. 6. Driver of Servo motor.

TAe 2

specifications.
Fig 6 shows Driver of Servo motor.

3.2 Experimental Process

The purpose of this paper is to design nonlinear
controller having a satisfied performance the cure of
system's nonlinear character due to a difficult
mathematical modeling of a plant out load disturbance
therefore, in this paper we let a designed
Neuro-Fuzzy controller apply in the speed control of
AC servomotor and etc. To move a performance as a
controller and a robustness as comparing PID control
the Fuzzy control about load disturbance, we added
variable load and had a experiment company that
controllers.

The experimental processes are the following;

[1] After let a designed Neuro-Fuzzy controller
learn 100 times on the off -line, the link-weight is
determined.

[2] The controller performance is proved the
controller performance by the (counter) clockwise
revolution and variable speed comparison experiment
of a PID controller and Fuzzy controller on no-load.

[3] We choose the plant a generator and load in
the parallel on the axis of a AC servomotor. Being
the comparison experiment of the Neuro-Fuzzy
controller, PID controller and Fuzzy controller as
being a big and small by turns, It shows that the
Neuro-Fuzzy controller has a better performance than
others

3.3 Result and Considerations

3.3.1 No—load Experiment

(1] Clockwise Operation Experiment

The Fig 7 is the comparison experiment of PID

controller and Neuro-Fuzzy
output by the

(counter)clockwise revolution on the no-load of a AC

controller, Fuzzy

controller for the response

servomotor.
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Fig. 7. The oulput response of the PID, Fuzzy and Fig. 8. The output response of the PID, Fuzzy and

) Neuro-Fuzzy controller on a variable speed
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Table 4.  Experimental result.

Table 5. Experimental result.

2
3
T 43
012 - 013 - -5
3004 3002 013 I %
3001 799 0.6 g 0
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As a result of the table 4, the output response on
the (counter)clockwise revolution showed that the
Neuro-Fuzzy controller has about a 4% decreasing
error for the PID controller on the same reference
input and a 0.06% for the Fuzzy controller.

Also having the second
(counter)clockwise than the first, it is decreased
about a 006% error more than the first that by the
learned-effect

as a motor

[2] Variable speed experiment

The Fig 8 is the comparison experiment of PID
controller, Fuzzy controller and Neuro-Fuzzy
controller for the output response by the variable
speed operation on the no-load of a AC servomotor.

As a result of the table 5, the output response on
the variable speed operation showed that the
Neuro-Fuzzy controller has about a 3~6% decreasing
error for the PID controller on the same reference
input and a 0.06% for the Fuzzy controller.

Also as a motor having the second variable speed
operation than the first, it is decreased about a 0.1%
error more than the first that by the learned-effect

and 0.21% than the third that.

3.3.2 Variable load experiment

The Fig 9 is the comparison experiment of PID
controller, Fuzzy controller and Neuro-Fuzzy
controller with the variable load. The load having
three bulbs (100[w]-200[w}-300[w] by turns) is
connected with a generator connected on the axis of
AC servomotor in the parallel. The table 34 shows
the experimental methods. As a result of the table 4,
the output Tesponse on the variable load showed that
the Neuro-Fuzzy controller has about a 3~66%
decreasing error for the PID controller on the same
reference input and a 1~33% for the Fuzzy
controller.

Also as a motor having the second load than the
first, it is decreased about a 0.8% error more than
the first that by the learned-effect and 3.9% than the

third that. Also PID controller has about a 5~7%

AC M2 ZE9 &£k HOE

9
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Fig. 9. Varable load response of PID, Fuzzy and
Neuro-Fuzzy controller.
E 6 A¥gzn
Table 6. Experimental result.
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error for the steady-state recovery time and don't
reach at the steady-state. But the Neuro-Fuzzy
controller is recovered to steady~state in a only about
0.05 second by the learned-effect.

IV. Conclusions

The purpose of this paper is to design a
Neuro-Fuzzy controller in order to solve the problem
being off-line tuning and fuzzy rules producing by a
lot of learning time as combining fuzzy control with
neural-networks.

This controller is composed with the PID controller
and Fuzzy controller as performing the (counter)
clockwise revolution and variable speed experiment of
the AC servo motor on no-load in order to prove the
performance of this new controller and the applied
variable load experiment for the tracking capability
and the stability in order fo be robust with respect to
nonlinearity such as disturbance.

The following is the result of this paper in a
summary,

[1] In the experiment of a (counter)clockwise
revolution and variable speed, the Neuro-Fuzzy
controller decreased about a 2.74% error compared
with the PID controller.

It decreased the minute vibration in three times
learning the same as the Fuzzy controller, the rising
in 0.4 second compared with the PID
controller.

times

Therefore, in the rapid response character on
no-load, the Neuro-Fuzzy controller is a little bad
compared with PID controller. But in the tracking
capability and the stability, it shows the excellent
performance.

[2] On applying load as three times in regular
interval for response character on variable load, the
Neuro-Fuzzy controller decreased the remarkable
error compared with the PID controller and Fuzzy
controller.

Also  after load, the

applying Neuro-Fuzzy

(174)

33

controller is recovered to the steady-state by the
learning of 3~5 time compared with PID controller’s
keeping the regular error and not reaching to the
reference input about the recovery time of the
steady-state.

Therefore the Neuro-Fuzzy controller can have a
rapid compensational ability for the nonlinear such as
the load disturbance.

{3} Compared with the PID controller or the Fuzzy
controller let the parameter fixed, the Neuro-Fuzzy
controller determining a link-weight by the learning
proved having the performance better than two that.

Further studies in this paper are the realization of
the faster rising time, the decreased learming time,
and the more stable fuzzy-rule.
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