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This thesis proposes a fuzzy logic controller incorporating acceleration converter to
control the position of one-axis moving table. The proposed control algorithm is implemented on
personal computer by using MATLAB for designing the fuzzy logic controller with acceleration
converter and together with Visual Basic for a real time control via a motion control board. The
experimental results show that the proposed controller can be effectively used for controlling the

position of the one-axis moving table accurately, with and without mass load.
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Harp (%) = min(pe, (x), p25(x)) = 12,(x) A i () (2.12)

e A UNUAITNTZHT min
o

giouiudnlfiansfiumunisaszimuasin OR fifydnuel U unumsUgla

4
s amsadmuadedsuanuiuauFoves AUB nie 4 OR B &4l

Hyop(X) =max(pu,(x), s (X)) = p,(X) v 415 (x) (2.13)
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'Y o - .4 J
fmuaisnsuanuiluaundadsil
s (x)=1-p,(x) (2.14)
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(-a)

,m it b<x<c 0 i x>c} (2.15)
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A
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0 » X
a b c d

% a o [ &Y = { 4
q1f 2.6 winilmesuazginsweslanduanuilusndauuudmasuniamy
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w3 liniiun 18 udeglugaa 2 8 13 HadaChinasnaniil)

2.52 gruanuidsdasdn
S = T [ * -l
suanuisdasimlsznsudisdiudiyasdiu e gudoya (data base) 1ilu
' a a g o a <t ’ a o LY
daudifuiladFunnudumndnvesilaFirauazmnadnafildlunisusuealawsu
i v 4 : d .
(normalization) UAZIUNG (rule base) WuduMmAvaghlFlunsmunuszuy Feglugl
¥4 [F-THEN fio IF (process state) THEN (control output) iile process state xi’]uﬁuuﬂﬁm&w
o a
uaz control output e ANAsFHIIR
fnnungiladastnesdniuiiusnnusunailsfioa 1ude &1 ¢ Wudunaisd
v~ & [ Y :‘ ' - d‘d. o ~
ravBsAmIAANmA uar ce uiudanimsnlsunlasvessiAanaafifismaudunailasd
Ay N, uaz N, uda ngiladaelnaunsodilduniiqa N, x N, ag lumalfiidenn
< 9 3 I -~ 3 o as =S o - =S
fifleoni114 uazlumsesnuvungfedneinmiueiendnnmsifsrfunseenuuudunailss
A Jda v P ? .;
wafie  1¥nuiuazlszaumssinddsnszuiunmsfignalugulaseguuiugiuvesnisaes
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Annssgnou ldransuausaiiuinels

2.53 nalNBYINIY
] » 9 a o o ' @ 7y =
igna Ineyunmnihmihinsednivesngnisauguensdulssunailsdioss
smuiiuandai lannlfiansfludaednludiuyame (antecedent) unzidoululaia
llnsi¥euTosvounarassli 2 viinde [14,15]
- Generalized modus pones (GMP) fion1sargoning liviwa
- Generalized modus tollens (GMT) flomsagininwa Tilnug

S _ sase o
sUnuVYeINa 2 I5kA

GMP :
Premise cxis 4
Implication :if x is A thenyis B
Consequence :y is B

GMT:
Premise :yis B
Implication :iff x is A then y is B
Consequence : x is A
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Tay
A4,4,B,B felwdiya
2 o
x,y s Aalsnnmun
Hr (%, ) fe nuiuanFnvesnuduiuives 4 uaz B
1 (%), 215 () Ao smniuaandnvesdandls x uaz y
Fimp Ao HanFun1sSuwdiadu (implication) nisHadsumsiyenToasm

- ¥ o Jdd A a
ﬂ'J'llllﬂufﬂl'I‘]fﬂ'llﬂ\iﬂ'nn’duWU'ﬁWQf‘]fﬁﬂ“ﬂ

U (x,y):j;mp(yA (x),pB(y)) s xeU,yeV (2.19)

Taoma Tl lumsadudanvguilsdaesaee i idnavenlouuy GMp tasld
t 4
fimp A0 NAH Tnoardraiung 1ddad

R :IFX IS 4 ANDY IS B, THEN Z IS C,
R, :IFX1S 4, AND Y IS B, THEN Z 18 C,

Tash

4,B,4,,B, e hidunrmilumninveduna

C,C, fle HanFunrmiiuauiBnveseidna

R,R, fie ngAwdTuTHadaedn

Z fle Mandsmeannlueaanduing U ¥ uaz w swddy
aq fle szaunmniiuaut@nves 2 Buna(fire strength)

Yldmarmdumndavennagl(p,)

@ = min(, (%), (%))

a, = mm(’qu (%) 45, (7% ))

Ha(z) = min(o:,.,pc (z))

#.(z) = max(,uq,,uq) (2.20)
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2.5.4 afadWingu
wiheaisdiiady imhiudasmadningasmuguieglugildaulsfadassnld

L) o o ¥ o L A‘ﬂ 1 P d -,
Wuniodia uazimismeandumniiegluenandmind@ufesduilodfasy F3ms
a - ¢ o - ac SV ¢ 1 & adgea o o ag o 4
aflad Ivioe 1ulina1e3s udluanitotivnana s ntenlsifios 2 53 fail

2.5.4.1 MIABAAIGIAA (mean of maximum: MOM) HuTinsiiegalunsideonds
yaewna (Z,) dhumsldmgeqavasmszdumsiiuanSnnamsnssimasquuunds

- o &
ienaseiuioaningluuy

Z,= max 4 (%) (2.21)

[
IelaAd \d

fmniamsnssitilian 2 geqanhunaniiasssezdesldgliuumsudilam

-
9 ~

a o & - ¥ a
INANVUSTHUIAD 1‘Uﬂ1lﬂﬁﬂﬂﬂ\ﬁlﬂuﬁﬂuwﬁ

Z,= Z i ' (2.22)
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e ¥, Aererdyauanzadiiiiiledsunamidumndaniiiu
A o o A v o o Y '

J fesmnuednaniimileiduauiuandageganiiu

V= maxpu,(¥)
waz  j= |{¥ ) duswanvesmnaiuansa

o 1 A - A 2 o o :‘ o/ & d

maum:unmuﬂuﬂwnmmwaﬂ'mﬂumsfﬂﬂi’lmmqaumﬂnmuumsmtnm i
Hansnszwesindsiemyaiisaamilumndn( #) veshutiedinude B oy aonl0Y
0.75 4, DAY 020 Ay 4, ify 040 dufu aInTzvesAuT R Ie: 1Y
A,.., S 0.75 51231 0.75 Wusigega qmﬁmﬁmﬁmwwqﬂﬁm%“uﬁﬁm%m%’u
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2.5.4.2 NITUITAWUINN (center of area: COA) iHumMsULIYAgUINIIVBITILTIM

v y y
amudumninsenduassdaniiomyaguitisveninnin sweve s 1@

[vasy )y

=L (2.23)
IIUB (v) dv

o o v o JdA a v v oA . a v v o
?ﬂ'}ﬁmﬂﬂﬂWfmWﬂﬁﬂﬂﬂuﬂfﬂlﬂuﬂﬂnﬂﬂmm (dlscrcate) ﬂllﬂﬁizﬂnﬂlﬂgmmﬂﬂw

ponitu m s2ay uaas lddsaums (2.24)

(2.24)

A A 1 L4 1 ]
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Rule no. e ce Output Reference
1 P A P points a, ¢, I
2 z N N points b, f, j
3 N A N Points ¢, g, k
4 yA P P Pointsd, h, 1
5 Z N z Set points
6 P N P Range A, E
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(c) Actual torque of the motor
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Abstract

This paper proposes the improvement on the
dynamic characteristic through the fuzzy logic
controller with the acceleration converter to control
the position of a one-axis moving table. The
proposed control algorithm is implemented on a
personal computer by using MATLAB and Visual
Basic for a real time control via a motion control
board. The experimental results show that the
proposed controller can be effectively used for
controlling the position of the one-axis moving table
accurately.

Keywords
Position control, motion control, fuzzy logic
controller, moving table, Universal Motion Interface

1 Intreduction

Recently, The Flexible Manufacturing Systemization
of the production system is spreading rapidly to
make a wide variety of short~run products and
medels [1],[2]. The autonomous robot is one of the
base element that supports this FMS, furthermore,
maintenance of the atomic power station and various
kinds of investigation work in outer space, deep sea
and in place where the human is not able to work
directly or in limit condition. The autonomous robot
is a kind of intelligent robot that works based on the
external environment information from various
kinds of sensors. Generally, two kinds of
information are indispensable to control the robot.
One of them is the internal information like actual
posture, speed and acceleration inside of the robot,
another one is the external information of outside the
machine such as the surroundings.

In this paper, we implement the environment of
integration for the proposed fuzzy logic controller
with the acceleration converter to improve the
dynamic characteristic of the autonomous robot. The
proposed controller is designed to control the
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position of the one-axis moving table. By using
Active X, the Visual Basic calls the fuzzy control
rules created by MATLAB fuzzy toolbox. The
output of this fuzzy logic controller is then
converted to be acceleration by the acceleration
converter and sent to a motion control board [3] to
generate the control signal for controlling the
position of the moving table. The responses of the
controlled system show that the position of the
moving table can be accurately controlled to the
designated position without or with a load mass
added to the moving table.

2 Experimental Apparatus

The simplified block diagram of the position control
system is shown in Fig.1. It consists of a personal
computer, motion control board, universal motion
interface, AC servo motor driver and one-axis
moving table. The personal computer with Intel
Pentium processor II operates at 330 MHz controls
the position of the table by using the fuzzy controller
in MATLAB via ActiveX from Visual Basic, The
motion control board (PC-Servo-4A) is used to
receive the position voltage signal from the table to
the computer. The Universal Motion Interface
(UMD) [3] is used to interface the motion control
board and AC servo motor driver (MR-J2-10A1)
which will drive AC servo motor (rated power: 50
W, rated speed: 3000 rpm) of the table. The one-axis
moving table composes of AC servo motor, rotary
encoder, photo scale sensor, pulley, belt and linear
guide. The movement of the table is controlled by
the belt coupling to the pulley (3lmm diameter)
driven by AC servo motor. The rotary encoder
detects the rotational speed of the servo motor. The
photo scale sensor detects the actual position of the
table with the resolution of 0.Imm. The maximum
stroke of the moving table is about 320 mm with the
migration distance resolution of 97.4 mm/rev.
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Fig.1 One-axis moving table control structure

2.1 Moving Table Modeling

Fig. 2 is the moving table structure with the AC
servo motor, where M is the mass of the table [kg],
d is the diameter of the pulley [mm], F is the force
that pushes to the table [N], b is the viscosity friction
coefficient [kg/s], x is the displacement of the table
[mm], T is the torque of motor [Nm], @; is the
actual rotational speed of motor [rpm], @; is the

setting rotational speed of motor [rpm] and ¢/ is the
setting rotational acceleration of motor [rev/s’].

Fig. 2 Moving table structure with the AC servo
motor

In order to find the model of the moving table, the
following conditions are assumed first. The electric
delay between of driver circuit and servo motor is
very small, there is no slip between the pulley and
the belt, no flexibility in the belt and no mechanical
loss from servo motor and rotary encoder and from
the table and the rail. Hence, the kinetic equation of
the table can be found as

F=Mx+bx )

From the relation between the torque of motor T and

the diameter of pulley d, the force F can be
expressed by

F=T/(d/2) )

The model of the moving table can be found by the
control torque of the servo motor as shown in Fig.3
[4]. Fig.3 (b) shows the mechanical torque T of the
AC servo motor when the motor is driven by the
operation pattern as shown in Fig.3 (a). The setting
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rotational acceleration ¢ will change the actual
rotational speed @ from 0 to its constant rotational

speed @, . The torque occurred in this transition is

called7; . At the moment of constant rotational
speeda)p is reached, the torque reduces to be T pin

order to overcome the loss from the friction occurred
between the table and the rail. The same action will
occur for the opposite direction as shown in Fig. 3

(a) and (b). The electrical torque 7, and -T, are

generated by AC servo driver by using the pulse
width modulator (PWM) to rotate the motor with the

rotational speed of @, and @, respectively as
shown in Fig.3 (c). Therefore, the torque of the
motor that takes only the value of 7, 0, and -7,

are assumed for 7,>7 , and -7, <7T,,.

2

Time

Rotational
speed
Y

(a)} Rotaliond] speed

T
1 201 N w | 1

Torque of
thqe.qmotor

Iﬂ ‘.‘
: y
L

S

Torque of
| the motor

Ky

(c) Actual torque of the motor
Fig. 3 Control torque of the servo motor

The electrical torque 7, is proportional to the
setting rotational acceleration @ of motor and can
be expressed as follows:
Ko (W, < wy)
70 = 0 (W =Wy ) 3)
—Kje (W > wg)

where K} is a constant. From equation (2) and

(3), the force F that pushes the table can be found
as
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2K
O (@ < wy)
F=<{ 0

2K}
7 % (0 >05)

((DR =W ) O]

Hence from equation (1) to (4), the linear
acceleration @ can be expressed as
a (W, <0g)
a=d x 0 (W =) )
-a (0 > o)
Since F' is proportional to the linear acceleration @
then
F=Kja (6)

where K> is a constant. By substituting equation
(6) into equation (1), it is found that

a = 2
Ky Ky

=nx+nrnx )

Therefore the transfer function of equation (7)
becomes

X(s) _ 1
A(s) s(ns+n)

8

where 7] and 72 are the coefficient and equal to

M b
e and K,
model of the moving table to be used to control by
the designed fuzzy logic controller with acceleration
converter. This model is a second-order system and
the type of the system is type one. The input and the
output of the model are acceleration and position
respectively.

respectively. Equation (8) is the

Plant

Target 5 ﬁ’ a
Positi —»(O—{ Fuzzylogic Accolorali 1 x
o 5 Controller | @, | “converer ] RrEr

Fig. 4 The proposed position control system
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3. Fuzzy Logic Controller Design

The structure of the proposed position control
system is shown in Fig.4. The inputs of fuzzy logic
controller are the position error between the actual
position and target position of the moving table and
the rotational speed of moving table. The rotational
speed is obtained from the velocity converter that
converts the position of the moving table to be
velocity. The output of fuzzy logic controller is the

setting rotational speed @; of motor to be compared

with the actual rotational speed @, of motor. If the

absolute value of the difference is bigger than 1, it
outputs positive or negative constant for setting the
rotational acceleration of motor to be an input for the
moving table.

The fuzzy logic controller consists of fuzzification,
control rule evaluation and defuzzification stages.
To create the membership function, Membership
Function Editor is used for expressing input and
output variables. The input variables are the position
error and rotational speed. The number of
membership functions for each input variable is
designated in three ranges and the names of
membership functions are positive/zero/negative.

The setting rotational speed @s of motor is defined

as the fuzzy controller output, which has 9
membership functions. The forms of all input and
output membership functions are selected to be
triangle-shaped  functions for simplicity. In
fuzzification stages, the input variables, the position
and rotational speed, are converted into fuzzy
variables using the membership function shown in
Fig. 5.

Neagative Zero Positive

=200 -125 0 125 200 300

3
&
0 ' L ' ' 1
- 300
Position (mm)
A

Neagative Zero

Positive

"
1000 - 300 0 300 1000
Rotational Speed of Motor (rpm)

4n V3n V2n Via Vz Vip V2p Vip Vdp

Setting Rotational Speed of Motor (rpm)

Fig.5 Membership function of input and output
variables for the moving table
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The input fuzzy variables, the position error and
rotational speed, are applied to a set of fuzzy logic
control rules as shown in Table 1. These rules map
the input variables to the universe of discourse of the
control variable representing the rotational speed to
be applied to acceleration converter. The fuzzy logic
control rules are expressed under the following
form:

If (Pos.) is Neg AND (Vel.) is Neg THEN (Set. Vel.) is
Vap

where Pos. and Vel. are the fuzzy subsets in the
universe of discourse of position error and setting
rotational speed of the motor respectively. The Neg
and V4p are linguistic values of the fuzzy rule,
which is based on the min compositional inference.
The linguistic rules are shown in Table 1.

Table.1 Control rules for input and output variables

Pos. ; s
Vel. Negative| Zero | Positive
Negative Vip Vip Vin

Zero Vip Vz Vin
Positive Vip VZp Vin

The defuzzification operation, in this paper, uses the
centroid defuzzification method because of its
implementation simplicity.

Fig.6 Photograph of the position control system

4 Experimental Results

The experimental system is shown Fig.6. In this
paper, the distance of migration of the moving table
is 300 mm. Thus the maximum position can be
controlled is 300 mm. The rotational speed of motor

is set to be 1000 rpm. because of the short length of
the table. The optimal values for 7 and 7,of the
model shown in equation (8) are given to be 1.5 and
0.3 respectively.

4.1 Position control without a load mass on the
table

The responses of the position control system for the
position of 150 mm and 300 mm are shown in Fig. 7
and Fig. 8 respectively. It is found that the proposed
controller can control the table to the positions of
150 mm and 300 mm within 1.4 seconds and 1.7

seconds respectively, while the rise times £, are 0.52

seconds and 0.59 seconds respectively. This implies
that the speeds of the two responses are almost
same.

4.2  Position control with a load mass on the
table

When the load mass of 2 kgs is added to the moving
table, the responses of the positions of 150 mm and
300 mm are shown in Fig. 9 and Fig. 10,
respectively. It is seen from the two figures that the
fast responses can be obtained. These two responses
are almost same as the responses without load mass.
In the same manner, when the load mass of 6 kgs is
added to the moving table, the responses are also
shown in Fig. 11 and Fig. 12. It also can observe that
the fast responses can also be obtained. However,
when the load mass is 6 kgs the transient responses
of both responses are not quite smooth.

5 Conclusion

The position control of one-axis moving table using
the proposed fuzzy logic controller with the
acceleration converter has been proposed. The
experimental responses of the position control
system at the position of 150 mm and 300 mm
without and with a load mass on the table are fast.
Hence, it can be concluded that the proposed control
method can be effectively applied for controlling the
position of the moving table accurately.
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Fig.7 The motion for 150 mm with no load
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Fig.9 The motion for 150 mm with load mass 2 kgs
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Abstract: The integrated environment for the fuzzy logic controller with the acceleration converter to improve the dynamic characteristic
of a one-axis moving table is proposed in this paper. The two inputs of the fuzzy logic controller are position error and velocity. The two
inputs of the acceleration converter used to produce the acceleration input for the one-axis moving table are actual and setting rotational
speeds. The proposed controller is implemented on a personal computer by using MATLAB and Visual Basic for a real time control via a
motion control board. The position control results when the stair input is applied to control the position of the one-axis moving table, are
shown. The experimental results of the proposed position control system are compared to the conventional PID position control system
for load mass and no load mass applied to the table. The results show that the fuzzy logic controller with the acceleration converter can
control the position of the table more effective than the conventional PID controller.

Keywords: Position control, fuzzy logic controller, PID controller, motion control, acceleration converter, moving table

1. Introduction

In the industrial automation, the position control is a type of
control method for common motion systems. The position of any
motion system must be controlled by the proper controller. The
objective of the controller in the position control is to maintain a
position set point at a given value and be able to accept new set
point values dynamically. The conventional proportional-integral
(PI) and proportional-integral-derivative (PID) are commonly
utilized in controlling the position, but the parameter of those
controllers must be tuned by tuning method either in time
response or frequency response to meet their required
performances [1-2]. On the other hand, the fuzzy controllers are
also popularly implemented in many practical industrial
automation applications.

In this paper, we implement the integrated environment for the
proposed fuzzy logic controller with the acceleration converter
to improve the dynamic characteristic of the one-axis moving
table. The objective of the proposed controller is to investigate
the possibility of position control of one-axis moving table. By
using ActiveX automation, the Visual Basic calls the fuzzy
control rules created by MATLAB fuzzy toolbox. The output of
fuzzy logic controller is then converted to be acceleration by the
acceleration converter and sent to a motion control board [3] to
generate the control signal for controlling the position of the
moving table.

First, the specifications of the experimental apparatus for
controlling the position of one-axis moving table are presented.
The modeling of the moving table is presented to obtain the
relation between the position of the moving table and its
acceleration. Fuzzy logic control principle is also described and
applied to be a fuzzy logic controller. Finally, the experimental
results of the proposed controller are compared with the PID
controller.

2. The Specifications of the Experimental Apparatus

The simplified block diagram of the position control system is
shown in Fig.1. In order to construct the real machine of the
position control system, the fuzzy logic controller with
acceleration converter and the PID controller controllers are
constructed based on the following hardware elements [4]: a

October 17-21, Cheju National Univ. Jeju, Korea

personal computer, a motion control board, a universal motion
interface, AC servo motor driver and one-axis moving table. The
personal computer with Intel Pentium processor II operates at
330 MHz controls the position of the table by using the fuzzy
controller in MATLAB via ActiveX from Visual Basic. The
motion control board (PC-Servo-4A) is used to receive the
position voltage signal from the table to the computer. The
Universal Motion Interface (UMI) is used to interface the motion
control board and AC servo motor driver (MR-J2-10A1) [5]
which will drive AC servo motor (rated power: 50 W, rated
speed: 3000 rpm) of the table. The one-axis moving table
composes of AC servo motor, rotary encoder, photo scale sensor,
pulley, belt and linear guide. The movement of the table is
controlled by the belt coupling to the pulley (31mm diameter)
driven by AC servo motor. The rotary encoder detects the
rotational speed of the servo motor. The photo scale sensor
detects the actual position of the table with the resolution of
0.lmm. The maximum stroke of the moving table is about 320
mm with the migration distance resolution of 97.4 mm/rev.

Fig.1. One-axis moving table control structure.

3. Moving Table Modeling

Figure 2 illustrates the moving table structure with the AC servo
motor, where M is the mass of the table [kg], d is the diameter
of the pulley [mm], Fis the force that pushes to the table [N], b
is the viscosity friction coefficient [kg/s], xis the displacement of

the table [mm], T is the torque of motor [Nm], @ is the actual

rotational speed of motor [rpm], @y is the setting rotational

speed of motor [rpm] and O is the setting rotational
acceleration of ‘motor [rev/s?]. The differential equation of the
moving table is given as

Conference Web Site : http://www.iccas.org
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F =M +bx O]

From the relation between the torque of motor 7 and the
diameter of pulley d, the force F can be expressed by

F=t/@d?2) @)

Pulley

Fig. 2. Moving table structure with the AC servo motor.

The model of the moving table can be found by the control
torque of the servo motor as shown in Fig.3 [5].
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Fig. 3. Control torque of the servo motor.

Figure 3 (b) shows the mechanical torque 7T of the AC servo
motor when the motor is driven by the operation pattern as

shown in Fig.3 (a). The electrical torque T o and -T, are

generated by AC servo driver by using the pulse width
modulator (PWM) to rotate the motor with the rotational speed

of @ p and @, respectively as shown in Fig.3 (c). Therefore,
the torque of the motor that takes only the value of T 0»0,and -
T, are assumed for To>‘t'p and -T,<T,. The electrical

torque T, is proportional to the setting rotational acceleration
O of motor and can be expressed as follows:

K (o, <o)
To = 0 (0, =0y ) 3)

-Kia  (w, > )
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where K, is a constant. From equation (2) and (3), the force F'
that pushes the table can be found as

*,
d (W, < Wg)

F=1{ o (@, =@y ) @
2K,

7 (o >aq).

Hence from equation (1) to (4), the linear acceleration @ can be
expressed as

a (W <)
a=mdx 0 (0 =0) ©)
o (@ >0).

Since F is proportional to the linear acceleration @ then

F=Ksa (6)

where K> is a constant. By substituting equation (6) into
equation (1), it is found that

a=—5Xx+-—2x
K, K
=nx+rx. W)
Therefore the transfer function of equation (7) becomes
X(s) 1
A(s)  s(ns+n) ®

where the constant 7] and 7?2 are the mass and friction of the

M b
moving table equal to K_Z and E respectively. Equation (8)

is the model of the one-axis moving table to be controlled by the
designed fuzzy logic controller with acceleration converter. This
model is a second-order system and the type of the system is
type one. The input and the output of the model are acceleration
and position respectively.

Plant
@,
Poton —30——> Fuzzv g~ praioq | © | 1 | x  Acwa
-y Controller | 1 " Converter [~ Spsr) >
Velocity
Converter

Fig. 4. The proposed position control system.
4. Fuzzy Logic Controller Design

The structure of the proposed position control system is shown
in Fig.4. The inputs of fuzzy logic controller are the position
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error between the actual position and target position of the
moving table and the rotational speed of moving table. The
rotational speed is obtained from the velocity converter that
converts the position of the moving table to be velocity. The
output of fuzzy logic controller is the setting rotational speed

@5 of motor to be compared with the actual rotational speed

@, of motor. If the absolute value of the difference is bigger

than 1, it output positive or negative constant for setting the
rotational acceleration of motor to be an input for the moving
table.

The dynamic behavior of a fuzzy system is characterized by a set
of linguistic description rule based on expert knowledge. The
expert knowledge is usually of the form:

IF (a set of conditions are satisfied) THEN (a set of
consequence is inferred).

Since the antecedents and the consequences of these IF-THEN
rules are associated with linguistic term [6]. The fuzzy logic
controller consists of three main stages, namely, fuzzification,
control rule and defuzzification. To create the membership
function, Membership Function Editor is used for expressing
input and output variables. The input fuzzy variables are the
position error and rotational speed in order to be applied to a set
of fuzzy logic control rules as shown in Table 1. The output of
fuzzy logic control rules are determined by min-inference and
the rule base of the fuzzy logic controller contains twenty-five
rules. These rules map the input variables to the universe of
discourse of the control variable representing the rotational
speed to be applied to acceleration converter. The setting

rotational speed @s of motor is defined as the fuzzy controller

output. The universe of discourse of position error, rotational
speed and setting rotational speed are partitioned into five fuzzy
sets as Negative Big (NB), Negative Small (NS), Zero (ZE),
Positive Small (PS) and Positive Big (PB). Each fuzzy set is
presented by a triangular-shaped membership function for
simplicity. In fuzzification stages, the input variables, the
position and rotational speed are converted into fuzzy variables
using the membership function shown in Fig. 5. The fuzzy logic
control rules are expressed under the following form:

If (Pos.) is NB AND (Vel.) is NS THEN (Set. Vel.) is PB.

where Pos., Vel. and Set. Vel. are linguistic variables
representing two processes state variables and one control
variable. The NB, NS and PB are linguistic values of the
linguistic variables of position error, rotational speed of motor
and setting rotational speed of motor respectively. The
defuzzification operation, in this paper, uses the centroid
defuzzification method because of its implementation simplicity.

Table.1 Control rules for input and output variables.

» e,_"’" NB | Ns | zE ps | P8
Ne [ pB | PB | PB | ps | ze
Ns | pB | PB | ps | ze | ns
ze | pB | ps | ze [ nNs | nB
ps | ps | ze | Ns | NB | NB
PB | 2z | Ns | N | nB | NB
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Fig.5. Membership function of input and output
variables for the moving table.

S. Experimental Results

The experimental system is shown in Fig.6. In this paper, the
distances of migration of the moving table are tested in case of
stair input. There are three time intervals for one stair input.
Each time interval is 3 seconds for the displacement of 70mm.
The maximum position of the moving table can be controlled in
300 mm. The rotational speed of motor is set to be within 1000
rpm. because of the short length of the table.

The experimental results of position control system using the
proposed controller are compared with the system using the PID
controller. The appropriate parameters of the PID controller in

this scheme for KP,K,- and K, are set to be 0.7, 6.0 and

0.009 respectively. The sampling time for both experiments is
35 milliseconds.

Fig.6. Photograph of the proposed position control system.

5.1. Position Control without a Load Mass

The responses of the position control system of the proposed
controller and the PID controller are shown in Fig. 7 and 8
respectively. It is found from Fig.7 that the proposed controller
can control the table to the positions of 70, 140 and 210 mm
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within’ 1.10, 4.02 and 7.05 seconds, while the results of the PID
controller are 1.12, 4.45 and 7.40 seconds respectively, this
means that both control systems can track the step change of the
input. However, it can be observed that there are some small
oscillations at the desired positions of the conventional PID
control system.
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Fig.7. Experimental result using the proposed controller

(without load mass).
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o L0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0
Time(sec)
-Fig 8. Experimental result using the PID controller
(without load mass).

5.2. Position Control with a Load Mass

When the load mass of 3 kgs is added to the moving table, the
responses of both control system are shown in Fig. 9 and Fig.
10. It is seen from the two figures that there is no steady-state
error and overshoot at each time interval, while there are many
oscillations occurred at the desired position for the conventional
PID control system (see Fig. 10). Although the transient
responses of the desired position are not quite smooth but it can
be observed that the fast responses and robustness for the
position control system of the proposed controller can also be
obtained.

210 F « v v n e e e v e e e e e e e

2.0 30 4.0 5.0

Time (sec)

6.0 7.0

Fig.9. Experimental result using the proposed controller
(with load mass 3 kgs).
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210

Fig.10. Experimental result using stair input with load mass
3 kgs for the PID controller.

6. Conclusions

The position control of one-axis moving table using the proposed
fuzzy logic controller with the acceleration converter has been
proposed. Details of the specifications of experimental apparatus
and design have been presented. The experimental results using
the proposed controller have also been compared with the
conventional PID controller. When there is a step change of the
reference position, it is found that the output of both control
systems can track the reference position properly. In case of the
load mass applied or not applied to the table, the speed of
responses are fast and there is also no oscillation at the steady
state for the proposed control system. This implies that the
travelling motion of the table is smooth. Hence it can be
concluded that the proposed control method can be effectively
applied for controlling the position of the one-axis moving table.
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