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Control of Nonlinear Systems Using
the Neuro-Fuzzy Technique

Myeung-Ok So, Kil-Soo Rhyu

Abstract

The conventional  approaches in the design of a control system often require the
construction  of a4 mathematical - model describing  the dynamic behavior of the plant,
Usually, such a mathematical model consists of a set of lincar or nonlinear differential
cquations, most of which are derived using seme form of approximation and simplification.
However, there are many cases where system dynamics are only partially known, where
nonhnearities are significant due to the complexity/uncertainty of systems, or where the
model violates  the underlying  assumptions of  the control  law synthesis  techniques.
Conventional control techniques based on a mathematical model are not well suited for
dealing with ill-defined and uncertain systems.

Recently, as alternatives to these model- based  control, the fuzzy logic and neural
network techniques have heen successtully applied to control of complex and ill-defined
svstems in a0 wide variety of arcas, such as robot, water purification, automatic train
operation system and automatic container crane operation system, cte. Fuzzy logic provides
a means for converting linguistic control knowledge into control actions. On the other
hand, neural networks provide salient features, such as learning, adaptation and parallelism.

This thesis presents a neuro-fuzzy  controller which  unifies  hoth fuzzy logic and
multilayered  feedforward neural networks.  In the proposed neuro-fuzzy controller, the
parameters  of membership functions in the antecedent part of fuzzy control rules are
identified by using the backpropagation algorithm as a learning rule, while the coefficients
of the consequent part are determined by using the least squares estimation method.

Finally, the effectiveness of the proposed approaches is verified through computer
simulation of an inverted pendulum system.
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weltol apy e mpatadadol et el Al ape] Aofoll A gsto], slujel F=eAlap upebviriel

Lol wabo] et A Aal frelek A8 ds festa
2. iri- 9 A Ao}V
2.1 3ix 9 x Aojr)e] AAl

AT K RN P K R R K ST RS B B TS then™ GF 2 ) A F=isel st Aoy ]
ool A w A E Al slell Aol golabar, ‘Eajo) PID Ao/t Kl "?A ”L”Oﬂ i
Napel A o gt gFirel Ao/ ke Aoz wom, A e & s 9] ytoll o
Sho) ket alojteados b el el 9 o] 7]iLA] oloj#) Alofel H AL 7pA ol ALk
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Fig 2.1 Basic structure of a fuzzy logic controller
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Fig. 25 Membership functions of fuzzy sets on x, before and
after learning(--- 'before learning , — :after learning)

Table 2.1 Parameter values in the consequent part after learning

Antecedents Consequents [ 8} ;]
x| x| x3| x4 Jj
0 1 2 3 4

1] NE| NE| NE| NE|[-14.37 | 30.13 446 | 11.18 7.04

2l NE| NE| NE| PO| 0.89 | 44.08 | 11.38 2.42 474

3| NE{ NE| PO| NE{-12.09 | 2691 | 12.09 4.85 3.24

4] NE| NE| PO{ PO| 668 | 40.09 7.75 2.01 2.06

5 NE| PO} NE| NE| 781 | 4440 | 15.09 6.64 7.11

6] NE| PO{ NE| PO| -9.66 | 11.80 413 | -1.12 1.49

7| NE! PO{ PO{ NE} -223 | 41.07 8.36 3.90 3.34

8 NE| PO| PO| PO} -3.66 | 10.03 372 | 5.8 | -1.68

91 PO|{ NE| NE| NE| 366 | 10.03 372 | -5.85 | -1.68
10| PO| NE| NE| PO] 223 | 41.07 8.36 3.90 3.34
11{ PO| NE| PO| NE| 966 | 11.80 413 | -1.12 1.49
12 PO| NE| PO| PO| -7.81 | 4440 | 15.09 6.64 711
13| PO! PO| NE| NE| -6.68 | 40.09 7.75 2.01 2.06
14f PO| PO| NE| PO| 12.09 | 2691 | 12.09 4.85 3.24
15| PO| PO| PO| NE| -0.89 | 44.08 | 11.38 2.42 4.74
161 PO PO| PO| PO 14.37 | 30.13 446 | 11.18 7.04
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3. Agdola & Ak

sholl A1 4 ]“L oel7he] Hepe Algeolde vea 2ol Hdd g¥s/ 2 gk o
’}Ol ”71\ Aape] v Sel sepolg ke WASA &S 718 shetule o] gke BV(Basic
values)iz, +25 % “iv” 0 spebole] 3 7hedl CV(Changed values) s el Al E o]
| )

Moj abgyl 7% shefuletel ghah W stabulele] e ¥ 313 goh eja 2 zpe} 7t
wofl 03 rad 19l kg sk F-E DI (Disturbance) & ¥ A &Th

Table 3.1 Basic values and changed values of paramecters

Parameters Basic values Changed values
M 1 [ kg 125 [ kg ]
m 0.1{ kg ] 0.125[ kg
21 1 {m] 1 {ml

e g1e el $oAsh Askel yAlol gk sketlEl ghe ARl A e gel
ofiich 25 % W 3*1"@ wab Aol zhmol = 03[ radlel SlE THEhE 7290 oA
S zordel wagel W Algelold Asolvh o g, E/IGHEE 7k}
by =—0.5, =02 diai el Ferel gl A Faold 522 05lrad 71E
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Fig. 3.1 Step responses and control input ( CV'+ D-[-05, 0, 0, 0] )
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