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The study on the Algorithm for Design of

Fuzzy l.ogic Controller using Neural Network

Myong Gi Chae , Sang Bae Lee

Abstract

In this paper, a general neural-network-based connectionist model, called
[Fuzzy Neural Network(IFNND), is  proposed for the realization of a fuzzy logic
control system. The proposed NN is a feedforward multi-layered network
which integrates the basic elements and functions of a traditional fuzzy logic
controller into a connectionist structure which has distributed learning abilities.
Such FNN can he constructed from training examples by learning rule, and
the connectionist structure can be trained to develop fuzzy logic rules and find
optimal input/output membership functions. Computer simulation examples will
be presented to illustrate the performance and applicability of the proposed

FNN, and their associated learning algorithms.
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1. A &
2o AojRoloa ulM¥ Aol 733, WA e TUAEE [ZIFHoZ

HAAole]l Bog HHEI L&Frg wIAE FAE%E AL e
E&ol o7 AAZ 7487 ol A9 Bk anz NAFRTe
qg71%e T3 A¥E HA L£5FFS FAL FFAE 5 AUh E=F B

HEE AE 29 & o = #H{A] A7y g5 F£3-& 93 VLSI
Tdo] HL 94 *+2E JHAZ Uk

= AAELTE 7o R 3 WA Ao AlagE AUk

Aol A 9] on-line supervised learning algorithmS A ¢tgcl. o714 #|<rEl %<3

Q32 ZE AT A structure®t parameterE TAlo Z 3 H5E 4= Ak

2. H A 49 Y EYA(Fuzzy Neural Network ; FNN)¢9 %

o714 AAE HAXFE JYEYA(Fuzzy Neural Network ; FNN)i= #-4HehF
588 71 AR EHe) TR WA A7 (Fuzzy Logic Controller ; FLC)E]
NE8 29 F5EF BN v AEE2HY F2E2 TAAY

<Y 1> 9714 A=A HAFE HEYAL] F2E eI

o] A]2"]E& F 579 Fo2 FAE Qrh

<I¥2>+ FNN9) £F tho]oadl-& vepdh

7} 2E9 7l%s WFEA AHEY,

layer 19149 =& YHx=2A 9]y Qo] wW4+E FHAT  layer 29
49] EE term wEEZA ZHzhe) oW F 9 term& HAI V) $1F ASTUSE
g3t layer 390419 xEE rule =24 49 fuzzy ruleg T3
7|4 2E x=3= fuzzy rule baseE AT layer 55 &Y layerE4] 7z
29 Qo|HFE THITL o] 2oAME & Y224 training data’}
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layer 1 layer 2 layer 3 layer 4 layer 5
< 29 1 > AjkE FNN9 +x

MEAARZ Siesn, dA el MEYadA @t layer 33 49
BaAE FEVIT 43S sl & o)A MAz2Re] F2F 7Mxn
rule matching process& I8}l €t} layer 39 23 rule nodel Z71H.E
Belstal, layer 42 ¥ 323= rule node®] AFHE Holdr}l layer 29 5o ¥
Aojimz=o} Z1o] A8k term =5 Alolol: BH AR o] gt}

layer 1914 9] mriz @4 Q@S g0z ng Agsiyg, =

f=u °oli a=y )
layer 20| A= #3830 U 3] A
f= M, (m;, 0)=— = myp)” a8 a=¢f (2)

Gi;
mi= AL JEAeIR S xo AR term® FP 49 F4 ghcenter)o] 3,
oyt 9 99 E(width) & eI
layer 3°1M 9] linke fuzzy logic rule® precondition matchings 4 a3} 7]
#sl Abg€lch. 182 fuzzy AND operation® 48§t}

f = min(ul, e Ju,) Yy g = j (3)
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layer 4914]¢] link¥= #Z& ZA#E 2= fired ruled 337 918 fuzzy OR
operationg 4= 3§ 3t}

f= lguf- 283 a = minQ, )

)
layer 5914, v} e AP FAFAHE AA87] 918 AHEE
T A
f= Zwiuly = Amzo)u} Y3 a = _2}{]7? (5)

3. &9l T dngF
3-1. HA A% §A}%(Similarity Measure)

 AAQHe] #est s

JRE gest =

A=z AANY EHD PR o
MA= T pa()

geht fArE7He)

= 3=8 ehile
& A€,

6)
Z2YF5E ALY FAIE AXFE dNsiAl 7 A,
1 K (my—m+Va(o, + ) 1 K (my—m+Va(o,—ay))
MAnB) = 3 Va(o,+ 0y) +2 V(o — )
1 hz(mz"ml"‘ﬁf(dl—dz))
T3 V(o — a7) D

o714, h(x) = max{0, x}& v}ebich
22 3FA 71 W A 7] §Hfuzzy set)®] FAMEE

— M(ANB)
M(AUB) —  M(A)+M(B)—M(ANB)

_ M(ANB) (8)
0'1&'*‘ 0‘2‘/7[“ M(Aﬂ B) '




NBB2dE o8 HAA7] AA daelFed B3 HRE 129

3-2. 85 ok are] s (Learning Algorithm)

BowXol Al Aelsli= -y daelFel §AL dlrgaie] stepvivier G EE
EAlo] SrpAl7l 4 ooduhes Relth WlEY A FFe ShyelAliE At e
sANG AW rledt HHAHTF weBo AT AP UG
ANA Fa, oF Aol Al fnadw AL S (similarity measure)2] 7lylo] AFg-EITh
e il lﬂﬁ—‘?-]:”li’] dhepelE] Strol Al §,2HAagese delnvE A3
g5 AA I, oukAel Al E e 9 HAn sl ’\F‘l‘f‘q‘

1

learning scheme$ 27]8817) 23], 98k input fuzzy partition(=%, $}#<¢l10]
W20 term sct®) F7D9F 27]9) output fuzzy partitionS 7 3H3L, Lﬂ 15
st5aty] ol 271 E AT S5S Hh= BF AY A FE W
fdvh, Aa shyFol] dF link7b Al i Ejsol HEHJ WFELAY

Z7y A

Z7] el MITEIZES] rule nodeE ZH=th MITERE %9 term®l

Z = QlyAE olol® g x9 fuzzy partition® % olvighcl 7} gl Rl
term set® 3¢ 712 term%rol rule noded] 4ol H # 943, rule node®t "f
Aol abololi= 3 9] linkyte] & Alsjo gk}

Training loop # 7¢]717] Hell structure®t paramcter®] z7]817] ¥ L8bc}
2713 227} R training loop #OEolzbth 1R Ao 7F layer?l node
output®] error® #Atalr] 918l 25t ATt M-S ARSI Wogkaelgre
A2 error functiond #4343k Zo|th

E = 41x()- ¥ (©)

ol 7] A, v QA= EY, o AAFE dEgae] A4 HHE e
g, #2Ygas A8d 49 2% d parameteris T FH#
(center) m& F(width) o, ot} Z12)W WEY =] 353 A L Ay At

Layer 5 ©l 4] 3=,

_0E _ 9E da _of _ = —[y()— (D] P (10)

om,  da Jf om, u;

1) ML center parameters® TR o] 7Y Al ¥IT)
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Mt D)= mi()+ o) = H(D) 5L (an
4N e ez,

OE 3E da _of (12)

do; da 0of do; -
o i RN

mul2ou) —(mou)u;
(Zdiui)2

oft+1) = o;(H + 2Ay()— 3]
(13)
Foz AR e LA,

&= - gf = W) — A2 (14)

< Similarity Measure of Fuzzy Set >
BA AAE &Y A5 FAH#(center) T E(width)e] parameterd]
gt "ATEE WAL AIZLE AR ok gtk welng e AL ol
Zo| o]FojHr},
Mivpew = mi() + dm (15)
Oi—new = 0{8) + dol?)

23 dojdsel WA 24FFEVE FARC o8 daH: A&fsd
N AR 2% B5E RS 4 Ao

degree‘(i, t) = E[M(mi—new ’ di—new)o M(mi—closest ’ Gi—c‘lawst)]

= i;"f;‘k E{TM(M ;— pews O i pew), M(m;6)] (16)
ke 29Ao/¥F y(0)9 fuzzy partition®] Z7]oltt. A" A2Z%5 M(minew,
Oinew)l 7F8 FAE 25 FF MMi-cosest, Oiclosest) & ZE FolE thd3 7
243 @t Y MMi-closest, Ticlosest)7F M(my, 0)7 ol 24, structure 34
B3E FYHFE 28, MMiccosest, Oiclosest)”t M(my, 0788, structure 3HF&
A @3, layer 59 WElEE oL o] AW}

mi(t+1) = Mipew di(t+1) = Oi—pa
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< Structure Learning >

o] processit 1Fo]l @ AL layer 42] WA term node”l fuzzy logic rule®]
Atz FAge A B ES en el fuzzy logic rule2] Tl A e Uy
i-closest node”} % ejo} 3ty wiyojok 3= rulee] AHE 7] 1@l A] liring
strength threshold & A3t @A ruled firing strength?} threshold LUl
F uvt A firing rule® HF3CE o 7]A) layer 49] term node M(m, 03
layer 39 rule node(1 ~DZF-E 43 & 23, 7 firing strengtht™ a’(i=1,2...D7}
Ak Z a’ 2 B oW, rule node® AIE Mm; 0914 Mmiciosest, O closest) &

g},

Layer 40 A1 crror signal®t AlAbE] 31 A v} s o] A}

mz-ui(Zo,-ui) - (Zmio'iu;)ui

&t = M-y )
[3(H) — (D] AL (17
Layer 3 ol A& error signal®t A€o}
& = —% ~ & (18)
Layer 2 ol A+,
0E _ QE 9da; _ JE o 2(u;—m; (19)
Gmi,- aCl,' am,j aa o“f] :

22822 m;9 adaptive rule,

oE f 2(”1 tj)
T 9a; €

i

2 Wyeg,

8V R O
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< Structure Learning >

o] processi 1Fo] & e Jayer 49 iMA term node’l fuzzy logic rules o]
Avtz A BAGs A e owdtl  fuzzy logic tuleel vl I ks
7} w)olof dtl  mpFolof & rule®) AIE H7] §lalA fiving

strength threshold §% A 8@tk @A ruled firing strength?} threshold 2L el
2 gut AAD {iring rule HFETH 9] 7]A layer 49 term node M(m, 0 =
layer 39] rule node(1~DZF¥ 43-& 23, I firing strengthi= a(i=1,2,...h7}
9y, = a® = p o4, rule node?) AFE Mm )14 M(Mi-ciosests i closest) &

AHE T}

i—closest node

Layer 49141%= crror signal®t Al4b= a1 A s sjo] A},

miui(EG,‘ui) - (Zmio'iui)uf

st = ) — y(¢ ; an
[»(8) = (D] (o)
Layer 3 1A% error signal% AAF€
& = -%E— = & (18)
a;
Layer 2 oAl
0E  _ OE 9a; _ QE s 2ui—m; 19)
am,-,- 8a,~ am,} aa O‘?j :

g B E m;e) adaptive rule,
IE 22, —my)

my(t+1) = my(H) — 7 (20)
1 j ! aa‘ Z
2o Wy g
GE _ 9E da; 3fi _ 3E s 20w my)’ o)
805,- aai af, 80‘-,- aa,' Wi o
OF 2(2;,— my)*
o{t+1) = o) — 71 (22)
Y ij ! aal 0:3,

st A 3 AxHQ FES <2y 2>o YERUAT
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| Initialization |

—

)Input training data’

Structure
learning?

Yes E<«< 0

~
Training

Loop

[Eu]e adjustment

l‘\ No
: 1
Parameter adjustment —,
Yes More /L

\ training <‘STOP:‘

data ?

<™ 2> 59 AN s

4. Fuzzy Car Controlo]l ti§ A8 o] A

2 FAME AN vEYSAY T2 dnYZe oL Fuzzy Car9
Aojol HgM wmma Tk ABHo|MoXE, AdH HAFY HE g Azt
HA A BP9 data set® AHE3te] FRH Wx 250459 med X Ao
AFste] HAAol FHL B Aotk AYM w2 AT e HEE
A&t AT

<I¥ 3> AEHO A ALLE furzy car) 9,29 AHWMEE ey
A Ao} W4 xo & track?) side®}t carshel A, x1 & corners} #9}e] A3,
Xz £ @AY steering angle YEHAT 3 29 9o HWE v e
steering angle?] W& veldoh. 4,29 fuzzy partition®] 3= X X Xo, y
72t 3,55 912 AEsdnt. 283 2719 fuzzy logic rule (layer 33} 49
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<Y 4> A gHo] Mol Abgl
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5.4 ¥

Aol FATL A%5F45 AL & AW 276 oojz L AE FAU
gEo] ANz Aol & AW AL AFH Fol= Aol e & AAA $H
&8 AR ANE LH"] wEA = o ngo] Basit Ak A4S FNN
A .28 A%550 patitions) FE FA quomz NA3RYe] TRE
s oz WA, & ruledt Zk W9 partition® o) 48 $Hor WHAZ
g e & A aEn dez A% At ANE AT Aol
o714 AA & FNNe| 7xE& o8 74 3% dqaE g & A= 71eE
A Aoz g ofe 7tAe EAES A= aRgon &% & AE A

oz Al Hrh

AQHe FNNolAl S48 st dloleE olgatel ¥ A WAN WA
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