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(A Neuro Fuzzy Controller Using Auto—tuning Width of
Membership Function for Equipment Systems)

FFE - SR

(Soon-Heum Lee - Keun-Tae Bang)

Aegral Aujalzelo] ZxskE HAA N Ao Aojdide] ®slel wigsta Aojdido] vhd
uttt H2] 2&gFZolut Ao e FAsop ok £ =8 Aol T JFE vAE
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& 2420 AMSE dsel MdE WEJMZ%IOUF— A rste] FASIACE olAE thdd It
eI g AE zte AuA 2" ABHAE e $53 Aol B4& FdstaArt

Abstract

The width of fuzzy membership function and control rule has an effect on performance of the fuzzy
controller for electric equipment systems. In this paper, the neuro-fuzzy controller is proposed to im-
prove the performance of fuzzy controller. It has the width of membership function, that is adapted to
the electrical parameter using multi-layer neural network, it is applied to first order electric power
system with dead time and various plant constant. The related simulation resolts show that the pro-

posed neuro fuzzy controller are superior characteristics of improved performance
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1. Architecture of fuzzy controller system
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Table 1. Control rule of fuzzy controller

dee NB|INM|Ns | zE | Ps | PM | PB

NB | NB | NB | NB|{NB|NM|NS | ZE
NM | NB | NM | NM | NM | NS | ZE | PS
NS | NB|NM | NS | NS | ZE | PS | PM
ZE | NB|NM | NS | ZE | PS | PM | PB
PS | NM| NS | ZE | PS | PS | PM | PB
PM | NS | ZE | PS | PM | PM | PM | PB

PB| ZE | PS | PM | PB | PB | PB | PB

2 A&8grol E(width of membership func-
tion) & YERATH ZE 27| (inference engine) ol 4]
o AE7hE 8 7EAEY AP AXES
Tof AFAe e Abgst=d, HAH ]
of AbR-ste FE HHEE ¥ 17 @k
B 3 =] 7] (defuzzifier) | A = =53 0%0134
e £47 dolHa ui= g8 = v
A} g-5)vd, H] 12 8 (defuzzification) HHH
EAF DM (center of gravity)d ] =3
|
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|7 o of rir é t:hl

& ol&st= o] o U Hes Bolu
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(2.2)x= 2 (e)ot 2ape] Wah&(de)ol I;}]%‘l—

in@ARE sle] A3} (fuzzification) 8= T
ol32, 4 (2.3)& #A FEFAA mm—max?ﬂ
g %3 Z=2(inference)sts Aot 4] (2.
He FAFAEE ol&3dte M H A3 (defuzz-
fication) &}= gHA o]t}

a= g e (@) uge(de) (2.1)
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= pe(e)/\ ua(de) (2.2)

M dL:[al/\ M dl"]\/[az/\ H du] (2.3)
ZXLI au(x)

du=" ElldL(X) (24)

o714 ALY minimum ¢Akxje] 1,
mum HAkz}o] )

dus FH A Ao 7]7F Aol (plant) o] 7}ete=
AoldEH(u)o wstgs LT, dutzEoez o
A oiz]e} ded dEgFE Fo 822 e HF

A, HAFE2HE, vHAs 3y Fel Sl
o] Fol A A3 o]n| ‘\%% Aol ofs A
o] FHzztd ezt @ 4 Qlon, HAFE9
WMo 2= min-maxyo] dwtA oz AlLE
Atk 23|I ofof] XA %A HAAVY HF

_47\] )\,._61-/“ o]

+ maxi-

of 8% g%l He BEo
Zojth. dAlz HEsh gy AHA 07l
2&ETe] Fg& Aot upet Hds] Al
Aoz ZAEA AMRIT At a&HFF
(width of membership function)¢] Z7]1& %A
o2 A&%ael gh(degree of membership
function) o] Z&tA= ARG o2 vebd Zlo) 1
g 2olt}.

a9 39 a)e oxel HE asgeel
(We)o] 1oln} 2 xt(e)7} 0759 A$e 1
1, ¥ 39 b)e oz diy 25
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0 e 2
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08 3. 2~58E2 37|0 12 3¢9l Aof
Fig. 3. A difference of response by width of member-
ship functions
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formance measure 24| integral of time multi-
plied absolute error (ITAE)E A&3lH 2] (3.
D=2 Aol

ITAEzf r—y(t) | dt (3.1)

zt zvel Alojdia debviei(K, T, L)uith
ITAEE Ha= ste Ao A&FFFHE 27V
A&l AlEdojdste Aojide]l HAg o4
98 mestel e go| F2he Fshdch

We (0.5~2.0, step : 0.1)

{ Wde(0.5~2.0, step : 0.1)

Wdu(0.5~5.0, step : 0.1)
oljgr A FxrollAl Ak Hed A Ao
tarel oheFdt sietulE K, T, Lejwizgd w2 e
AFe] HAALTFTEZ We, Wde, Wdug 2%
T =

STk olFA Bohd ge APz E o

= 2. MAz| 2o shemE

Table 2. Tranining pattern of neural network
K T L We | Wde | Wdu ITAE
1 20 2 0.8 1.0 5.0 5.068
2 20 2 1.0 1.2 3.0 4.269
3 20 2 1.0 1.3 2.4 3.867
4 20 2 1.0 1.3 1.8 3.867
5 20 2 1.0 1.3 1.5 3.895
3 10 2 1.0 1.4 14 3.793
3 15 2 1.0 1.4 2.1 3.893
3 20 2 1.0 1.3 2.4 3.867
3 25 2 1.0 1.3 3.0 3.977
3 30 2 1.0 1.3 3.7 3.869
3 20 1 0.6 1.2 3.0 2.386
3 20 2 1.0 1.3 2.4 3.867
3 20 3 1.6 1.5 2.0 7.155
3 20 4 1.5 1.1 1.2 12.484
3 20 5 1.5 0.9 0.8 18.866
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Fig. 7. Multi-layer neural network
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