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A Study on the Neuro — Fuzzy Control for an Inverted Pendulum System

M. O. So - K. S. Rhyu

Key words : Neuro - Fuzzy control(77 & — H 2] & 0]}, Fuzzy rule( 2] 7+2]), Membership func-
tion( A 3k<=), Fuzzy inference( ¥ X} 3= &), Multilayered feedforward network(t}
Z -3l = ¥ 9 = 3|2, Backpropagation learning rule(¥ 4 3} 8H¢5713])

Abstract

Recently, fuzzy and neural network techniques have been successfully applied to control of
complex and ill - defined systems in a wide variety of areas, such as robot, water purification,
automatic train operation system and automatic container crane operation system,etc.

In this paper, we present a neuro-fuzzy controller which unifies both fuzzy logic and multi-
layered feedforward neural networks. Fuzzy logic provides a means for converting linguistic
control knowledge into control actions. On the other hand, feedforward neural networks pro-
vide salient features, such as learning and parallelism. In the proposed neuro - fuzzy con-
troller, the parameters of membership functions in the antecedent part of fuzzy inference rules
are identified by using the error backpropagation algorithm as a learning rule, while the coef-
ficients of the linear combination of input variables in the consequent part are determined by
using the least square estimation method. Finally, the effectiveness of the proposed controller

is verified through computer simulation of an inverted pendulum system.
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Fig. 1 Basic structure of a fuzzy logic controller
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Fig. 4 An inverted pendulum system
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Table 1 The values of linear parameters in the
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4, 2 2
B ATANE HA s B - SEEds
Heds) $Y5E AL A2e w2 A

o 7|(NFC) Algtal 2, A E7te) A 2jolyt 4 g

of e)EahE A Ao}l T2} HAFH L
ot AANT dEUEosE 9E NER
9= B ey Qe AF8EE 93 S e
FH7 Ja5F9H e AR sojues 5
1% S ol 88 o] GA st AAH F -3
AAo}r) & ARG 2e EHWA A 2o
mg e SR Aol sh wte] A oje] H &
8 B A% G5 $UEA0] Aol o Aoy
7o) Wstol A = el go] AZH ATt

(340)



1)

3)

4)

5)

6)

8)

9)

10)

1D

12)

SR A 28] 72 - 2] Aol A HF 19

123

rQ

i

M. Drouin, H. Hbou Kandil and M. Marition,
“Control of Complex System”, Plenum press,
1991.

Robert E. Skelton, “Dynamic Systems Control”,
John Wiley & Sons, 1988.

Gang - Gyoo Jin, “Intelligent Fuzzy Logic Con-
trol of Processes with Time Delays”, 1995.

B. P. Graham and R.B. Newell, “Fuzzy Identifi-
cation and Control of a Liquid Level Rig", Fuzzy
Sets and Syst., Vol. 26, pp. 255 - 273, 1988

M. Sugeno and M. Nishida, “Fuzzy Control of
Model Car”, Fuzzy Sets and Syst., Vol. 16, pp.
103-113, 1985.

Y. F. Li and C. C. Lau, “Developement of Fuzzy
Algorithms for Servo Systems”, IEEE Control
Syst. Mag., pp. 65 — 72, 1989.

J. A. Bernard, “Use of a Rule — based System for
Process Control”, IEEE Control Syst. Mag., pp.
3 - 13, 1988.

C. Lee,”Fuzzy Logic in Control Syatems : Fuzzy
Logic Controller - Part [,[", IEEE Trans.
Syst., Man and Cybern, Vol. 20, pp. 404 435,
1990

J. Holgado, A. Ollero and J. Aracil, “Statistical
Study on Stability Indices of Fuzzy Control Sys-
tems”, 07803 - 1896 - x, pp. 936 - 941, 1994.
Shunji Kawamoto, Kensho Tada et al., “Con-
struction and Stability Analysis of Fuzzy System
for Fuzzy Control in Power Systems”, A X ERH#
& EH =4 A ¥ - WHKE, pp. 9- 10, 1993.

K. Tanaka and M. Sugeno, “Stability Analysis of
Fuzzy Systems using Lyapunov's Direct Method
and Construction Precedure for Lyapunov Func-
tions”, Proc. of NAFIPS'90, pp. 133 - 136, 1990.
K. Tanaka and M. Sano, “Concept of Stability
Margin for Fuzzy Systems and Design of Robust
Fuzzy Controllers”, IEEE 0 7803~ 0614 - 7,
pp. 29 - 34, 1993.

13) Y. Dote, “Fuzzy and Neural Network Con-

14

)

16)

17

)

18)

19

20

21

22

23

(341)

)

)

)

)

troller”, Proc. of IECON'90. Vol. 2, pp. 1315 -
1343, 1990.

S. Hirikawa, T. Furuhasi, S. Okuma and Y. Uchi-
kawa, “Composition Methods of Fuzzy Neural
Networks”, Proc. of IECON'90, Vol. 2, pp.
1253 - 1258, 1990.

T Takagi and M. Sugeno, “Fuzzy Identification
of Systems and Its Applications to Modeling and
Control”, IEEE, SMC - 15, No.1, 1985.

S. Nagata, M. Sekiguchi and K. Asakawa,
“Mobile Robot Control by a Structed Hierarchi-
cal Neural Network”, IEEE Control Syst., Mag.,
pp. 69 - 76, Apr. 1990.

C. W. Anderson, “Learning to Control an Invert-
ed Pendulum using Neural Networks”, IEEE
Control Syst. Mag., pp. 31 - 37, 1989.

M. Sugeno and G. T. Kang, “Structure Identifi-
cation of Fuzzy Model”, Fuzzy Sets and Systems,
Vol. 28, pp. 15 - 33, 1988.

T. Takagi and M. Sugeno, “Fuzzy Identification
of Systems and its Applications to Modeling and
Control”, IEEE Trans.Systems, Man. and Cyber-
netics, Vol. 15, pp. 116 - 132, 1985

D. E. Rumelhart, G. E. Hinton and R. J. Will-
iams, “Learning Internal Representations by
Error Propagation”, in Parallel Distributed Pro-
cessing : Explorations in the Microstructure of
Cognition, Vol. 1, D. E. Rumelhart and James L.
McClelland, Eds. Cambridge, MA : MIT Press,
1986, chap. 8, pp. 318 - 362.

J. S. R. Jang, "Fuzzy Modeling Using General-
ized Neural Networks and Kalman Filter Algo-
rithm", Proc. 9th Nat. Conf on Aritf. Intell.
(AAAI - 91), pp. 762 - 767, July 1991.

T. C. Hsia, System Identification : Least —
Squares methods. New york : Heath, 1977.

L. Ljung, System Identification : Theory for the
User, Englewood Cliffs, NJ : Prentice - Hall,
1987.



