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Abstract - Neural networks and fuzzy systems have
attracted the attention of many researchers recently. In
general, neural networks are used to obtain information about
systems from input/output observation and leamning procedure.
On the other hand, fuzzy systems use fuzzy rules to identify
or control systems. In this paper we present a generalized
FCMAC(Fuzzified Cerebellar Model Articulation Caontroller)
networks, by integrating fuzzy systems with the
CMAC(Cerebellar Model Articulation Controller) networks. We
propose a direct adaptive controller design based on
FCMAC(fuzzified CMAC) networks. Simulation results reveal
that the proposed adaptive controller is practically feasible in
nonlinear plant control.

1. A

rha

A7 e g SN A8 B4 537 g vjuY
Ao 2l g Ay AHSHAR, APFE o] &3 Aol
WEel ddsil AANPezN AsAol Rold Qi ¢4sn
A1) ®o] Rolol 744 g2l $8590 Y= AAY 2Ye o
A $EE oz FAA%Goln, Schiffmann $2]1& o
AT olgdtd AY HEalo] Aoz wAY ANage
Aolstgn 71&¢] PIDAIol7| g 4% & vZatdch Gupta $(3]
E Nade $840 Tgsle AW 9L AMAsA AY 3

Aol Aoz MUY A2gg Aot o2y dArEL

2% o3A7%s e 4093 AR AMHY gt
Ede] £ unl FRH WFE P udYAo) ¥ A2y
Rsts A9 WS oelgn EdA RE AR E(weights) ¥
HE BAsiol sug }eH5Er) i =2 22k AAL
of A}a=A gn FH H2AH(local minima)o] #2A -85 2
o},

221}, CMAC(Cerebeliar Model Articulation Controller) 4!
A3 o9 We WA 5422 E uAY BAE eY F
i YAFTN SARE FHAN FAHY QAREY QAU
Ak Foldts FHA NYPY F2E R Y8 Tfo) )
$ gz £YFYo] Forng tl3NYYe) dgtez JEY
ARG 2ozt & 4 A4l olAF nH B4 ¥4 CMAC
& ZRE Alo], AgAol 1] R HF wB(adaptive critic) ¥

& Aol F4 492U

¥, AHA =)o AHE F HA A} AAGE A
HRA-AF% 2de] Adslan glof, 253 YN 3} 8
f g A o 4HA A5} gneE e FHsE AF
Hol wol BEER Utk ol @ Mx-AHY 2 F HA A
293 CMAC N7 Alole] fAMo ety 1 B2 A
¥ A7Fo] AATHEI ©) AFEL ¥ =glo) HHYNG
et Auale) Y9 CMAC 437 HE 8455382 2
B oz 71&e CMAC AHmapping)] W= =218 H&
& deloloh &, 289 CMAC(FCMAC) N A wolal & 4 9
o o] 43 YwiHA FCMAC REe 748n, A gdoue
FHH FCMACE 7Ivtozd wdyg 53 Aade ¥4 3e
Aol7] FHA #E4¥E nalch

2. FCMAC A7% =29

2.1 FCMACY] #= @ ¢

WA Al2gst CMAC 4739 Alelel fAladel detate 2
EdES A%Y AT 5| AATHBYL o] AREL HA =29
2F¥ Aue 58 CMAC A4 B2 s 4y
® oz 71E2 CMAC AH4o HA =elg Mg Yeo)r),
&, WA 2" CMAC(FCMAC) A7 3ol & + Utk o) Hejn
T Y9ustd FCMAC 298 7)¢#c),

FCMAC 219 7|&32E 23 19 o) 33 AAPoz
T 71& 2] CMACTZAN A2 ASH5E AT
ol diste] Ay Yol RS FHSl Aok &, YA
xol dizte] Q4 glxn)E
aln)= (I) f:ty;'] ;f»t/ii‘s,: associative vectors W
ok, 2}, FCMACAAN Y Z284E ol4d MX ¢34
2 gAsq z25d /1Y AR g NAJEE ¥ Hx @4
A 4498 WAHYARS 44 vz B ARAA A
AND 715 €& +¥8EE #d. o] wo Au4¥$E Gaussian
q, 42y == At EY §o dUd UG ALY 5 o)
A Fne] FEYFLRe WA AlagAM HA) AlojFAle HA
19 “IF ( condition)” 3 &-of &3 3c},

A4 w23 e 2 98 FEYFT S, 2N qlEg ol

- 1186 -



Atk o] P& 2 FEULTY B4 AEE e Ay
A Fdolth 279 4" BeRFETol Avkm A EW Yy
B xof i3t Ay slmE 208 Fojot dUe ug(x)sh
#s(x)01Th o] AMAIgte B A Alole) AXNALE
Yepich A4 vine 28 WA AND 7i%€ $¥snz 94
WE gfx) - g ANAE Agsd g o] T £ 3l
=
min (u 5,(x)), 2 5,(x3)), fuzzy intersection
adn)={ps(x) - pglxs), algebraic product
max (0, us(x))+ps(x2)—1), bounded product
2)
AYEE HEHE 91X dAZEE FHM 39 FUEY
AAd, olAe Yoz PAFN WA e ¥4 F
e Yo Wi PFE ASHAY AN OB JE 97|
A8 BA YISES ALHAE ¥ HA AAREE HA A
2o Ao} Fa9 FA¥-9 “THEN (action)"o} #i=rsich x|
o] Alxqle] A4 AoIEHE AAE FELZ AAY 5
o #FHA FCMACY %¥e wHArg $HM A=
e 2o EUWL

ox) = &)
3 alx)

i=1
FCMACE #¢2 E84 92 9425 &, 3% 94
Fol 24 AAE 2P ANade HeAe FAAUY &
& U1 SEL gradient decent method® ol 430 W= AR
£ thg A5t go] AN
" B(ys—ya;
AYemVa;

47N = gEAfelR, y, =

winew - wio

4)

e ERPEGol

2.2 FCMACH &4

FCMACE 71&9 CMAC F2¢ #HA A4e 7lvisid 7)
€ HA Az AU AAFE, X} L ve d4e
ada ol gatd SHY 22 RE HSE FHNE AL
g 5 don, A& 5y diolel A Agae sgsnz
AELL HE AFHE FHAS5HA7 oele 49dE 2y
diojete] &FE FHA Ao FAL AFoT YA ¥ ¢+ QA
o =8, FCMACS 18879 #49%(activated region)& 2
w4lgtel W9l (011 Wl Fodn, A%Y FyE 3 do]
et} olvel WA $(fuzzy numbers)2 X3t CMACE &3
g otk CMACHAME A43Q Uo] YYFAA d=ist
Sal 28e Y AdAE A o#A AgAsr) g
CMACS 137 29& TEdez o4xext FCMACE
Z&er AA4ZE HAA A A Aelsn AT o
5o el wAe]l vz HALto A F3H 7 W&o
AL£AYA S e g 7)1&9 CMACTHZRAM crisp
BT E AHEYoR A8 AP EEH WY R A B
B Alolof EAE EA&Ae A8 WA BLHUFE AR
gozA I8 & & Uk

CMACSe} 292 ddZx=o dt 4% g5elx 2t FCMAC
& X ARFER oy wjHY el MY e va
A4kt Mol A A& AMAHA e AdHA g &
o] AP FCMACH A4 §34& F7M7a A4
% E(mapping collision)e] A= 4ol ]S A3 FCMAC
& viza JulE A7l A8 hash coding® A& ¥
2% addressing 7)ol olgHE 7)&9 CMACHTY €S e
i AAHA A oFEE AT Fol, NG A

%4 71%E Rong wsse 879 AY Y3yl Az =Y
& THY 4 A

a

ar

]

a:

as

:]

ar

ax.g

~—— Zero Excitation
—— Nonzeyo Excitation

a9 1. FCMAC 24,

ax
=

3. FCMACE °] 43 2 3-4 o

3.1 A A} +4

FAES) o] thg N3t B o Alxwlelzt s

alk+11 = Ralk), Wl kD) ©)

Akl = glal k)

A7lAN ofkleR”, WkeR 2 dkeR'= 2z Feds
EZJE 39 2 Ao 4HAL ougrh AAY Aojrle EJRE
o} alejql el BAE AAY nie AP o) &3 4}
A& 9o, o] A% AUy ukle oHE 47 ek

il k1= h(H k], ol A)) ®
G710l A k] AT kM9 Z1EA &l elkle 7IEEY &
3 v ks BAE 29 ylrlote] 2& ot

FCMAC A7%g 7iftead A4 Hgalolre A4 73
€ a9 29 Ak EWES ¥ y i ERdy 29
YlEE FFAEE &7 A% AoiYdL nfkle sHYsw
FAE Y 249 Aoy A= o &2 o) Hejgr)

dA] =yl K-y A,
N R s A @

FCMAC #loi7lg& #4477 ftdMe dgo 2857
g a5t

Ean = X (eulh) ®
= 3 (wal-ulk)?
A71ofM e JRE 8 $o A YU AloidY 2218

gulgtt, 29 29 Aol FEANE uy[HE ¢ 4 fomz

FCMAC #°171& &A12 & A Alojdd exsts EJ[4]

g 48 & 9k welq Y oAt distd eARsE e

2ol thA Rslshol ek

B = E(el#)? @

= 2 (rmld= 3, LR

29 294 Ekle EUE &Y B Hojnz 44X 98

4 Utk Aol BHE ofzfel w§HS JB HassE Aotk
&

J= ki_lblllvlklll (10)
JAE EUAE 29 y Mt 7IZRY 29 v [HE WA
2 23358 #= A 3,

lim(v, (£ -9, K)=0 an

- 1187 -



7t SIE& Aol A% ulkl§ WA} wrh WM FCMAC A
o719 AAREE ©E A& olgsd] AN

wlk+1])= wi 4] +g-2=l ALyl KD a;
2a

=1 il

(12)

3.2 RAHFE A EHo|A

FCMAC #lol71¢] Alo] 4% & HF37 84 olefe] oA
& d4oz AEdAE &AL FCMAC Aloj7l& 2749
A ) &Yooz FANY, FAEY &Ye] 7FRUL
FEAESE MY ARE AFH Aoy AYse) ey
FE 2zt 5709 Gaussiany WA Wu{#42 Y3 $2
s wely wmels 2508 AHS¥T, 279 HA dERE
= A ASE 842 [-03 03199 UM 27y 48 =7
Bl ¥ & product inferencest FAZEA Y] oA B
L=

Aojslz HMY T EAEE g AEPYYo2 HY

bl
vlk+1]= 1.0y +_k3[ o7 Fl] 12
NEnde

Vul k+1]1=0.6y,0 £+ k] (13

olt}. grwAls 7t 0012 P 100089 oxeiel Hee
F9% Fee AAFE HAd 29 3 71EYY k=2
sin(2xk/25) + sin 27k/10) & 718 7924 AF A= 01014
ol3, 24 3b)e 7EdYer ATYYS AW Ao}, &
%2 BE FCMACE °14% Y AHRAolrle 7lgnde 3
2282 ¢ 4 A 2, 29 3)9) AolSgAM BUE
o] AUYS Yol Z2RYE FFHAN dF FUAN
BA4HQ ¢9E Holn Utk o2y BHL JYFN 4
$rg HA W4 grz dasas 7|86 CMACY v g
A3l YA EA4E aA AAHAAT HA FeeS5 9A
2450l g7l WEA A% FA8A ERd ¢S 333
A Rahe TAYC dAARAY, weld, A4Holn FAYR 23
E4& 47 4= gae FAM B Zegsd 34 A%
st 4@ =A% A A BLUF2 A AARE HE
%28 7|Me Hedod dAde) sisselet 4 A

4. 3 &

o] @FAME HA A295 CMAC 43T fAMYA ot
ste] B AlAge] BodYel Tohd 2E2Y Ane Aavd
7t CAMCS) W& 3¢ 533 AP Yuste FCMAC 433
29& 7leddth FCMAC 292 #x N2ge] ditd 7w
€ FRY7) WE £¥Y A2 HS5E AN 7
e £ A3, Aol FH9 HFo] o8 B¢ UEY dolelg
gafozd Aol T AFo2 P4 ¥ 4 glemz Ao
Y Ko oE Az Aejd g #T}Ho|c)
FCMACE o183t 23 HgaAolzlg dAsPn Algeold
22%H FCMAC Aloj7le & B4 7|22dd 2 33
BAES vA2) FAESN o Ao g A4 £ UAeE sl
22

A ER
[11 W. T. Miller, R. S. Sutton, and P. ]J. Werbos, Neural
Networks for Control, Cambrdge, MA: MIT Press, 1991,
W. H. Schiffmann and H. W. Geffers, * Adaptive
contro! of dynamic systems by back propagation
networks,” Neural Networks, vol. 6, pp. 517-524, 1993,

2]

{31

[4]

(5]

6]

M

(81

[

)]

M. M. Gupta and D. H. Rao, * Dynamic neural units
with applications to the control of unknown nonlinear
systems,” Journal of Intelligent and Fuzzy Systems, vol.l,
no.l, pp. 73-92, 1993.

W.T. Miller, F. Glanz and L.G. Kraft,
associative neural network alternative

propagation,” Proc JEEE, pp.1561-1567, 1990.

W.T. Miller, " Sensor-based control of robotic
maipulators using a general leaming algorithm,” /EEE
Jourmal of Robotics and Automation, volRA-3, no.2,
pp.157-165, April 1987.

L. G. Kraft, D. P. Campagna, " A comparison between
CMAC neural network control and two traditional adapitve
control systems,” IEEE Control System Magazine, pp.
36-43, April 1990,

C.-S. Lin and H. Kim, " CMAC-based adaptive critic
self-learning control,” IEEE Transactions on Neural
Networks, vol. 2, no. 5, pp. 530533, 1991.

C-C. Jou, " A Fuzzy Cerebellar Model Articulation
Controller,” IEEE International Conference on Fuzzy
Systems, vol.2, pp.1171-1178, San Diego, March 1992,

J. Nie and D.A. Linkens, Fuzzy-Neural Cotrol:
principles, algorithms and applications, pp.203-220,
Prentice Hall, 1995,

" CMAC : An
to  back-

Reference | y=(k+1)

Model

PLANT

AN
—ECMACH  u(k)
Cotit

yolkt)- ‘@)

e(k+1)

o]

29 2. FCMAC 71% AW 4§ Aol7l.

mhuno-—

4
3} J
2}
AV, NS V.ENAS
é 0 P\ N_A
b \/ AV VA V\}
2}
3l
“ R A
1) 20 4 60 80 100
Time Steps
(a) Ao} g Y(Sinusoidal YN H$)
15} refocence — _
1F
os|
g 0
: o5}
b
st
2 s v i 20 2% 30 ®o a0
Time Steps

(b) Aol 3H(Step AN 2$)
29 3 wjdY Al=9 Aojdal.

- 1188 -



