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logic} 217 ﬁi“*(neural networks) & &

Fuzzy logic#} 217 slzgol 2t= 5531 & A
wA A5 ]017]4 E:%JJr H%‘”%}b}% *]%’a‘ T A= i

og g
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2. Fuzzy Logic Control System1} A& 3|2
At (Artificial Neural Networks)

2.1. Fuzzy Logic Control System

Fuzzy logic control system(FLCS)S- Q17te] /\}19} !
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a9 1ol i wpe} o] $-gf dzke “IF ..., THEN
...... "Z ol L. g EkE fre] whde O™ 2904
¥ rule base?] FHE X¥ o}ﬂ i}, T3t o] rule base
o} #7) gre a7 394 B ZAE o 7N FHE 3
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zo] A Hhoge AT £ gAY g5 7§E7}
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Ao AE B oJth. Rule based] F&7} ?12]71]
E]Eﬂ rule base& #2351 o] W& AZte] 428%™ Hij

TR7F A EE Aojrie] AlFAel Hrke EAEE 7F
X]ﬂ ol7] woll WAl Aloj7] HA Al A& A&
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1.0 1.0

N\

[\

11~ function

i J N

A-~function

712l 3. Fuzzy Membership Functiong} of.

[o]
E].ﬁ.

A FLCS A8d A~
ne ExS 7423 )
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NBINB [NM| NS [ NS | NS | NS [NS ot} 53 AdEAAefol oA zHze know—
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PB | zO0 | ZzOo | PS [ PS | PS | PS |PM x A|o]7) AA 7)zte] S\ R fuzzy logic con-
trol system & AAsH= Agke] 71E9] Aolrlg AAE o
T2l 2. Typical Rule Base of a Fuzzy Logic Control wo o #& 5 9k
System. %7129 Aolsl= AALE A A5aHE fuzzy
logic control system2- o}& 7}z AA 2ol AUREA A A7
Fuzzy logic control system2 18 4ojx] Hi= A g o] LalE o] A @i k.
Knowledge Base
Rule
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‘ Fuzzy Relational Operator J
—— :
2]
by 3 g 5
%) T [} < =4
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22l 4. The Basic Fuzzy Logic Control System.
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2 FAHe Atk 4 processing elements Y 9
input-x,7} 7} 2] (weight) wo} A3E 748 wroy of gt
o] AA inpute] ¥ o] output signal-y& AAHsHA FHo}
A7 g Regell Ao 3hgolgh dle outputst A4 out-
put#e] ztold ol AlAb= error signaldl] Wt process-
ing element?] input-output A& WaA7)= A& ofn|gt
ok Al AA sl2e] of®A) BFEtA HeAl AR
2 &b 974 neurong AL4e 714 84 (Adaptive
Element) 2 7}X% input-outputol] wle}l Wadck= A
o2 7FA4skA}. jth inputs} ith neuron¢] GEH 7323 o
Ef (weight vector) w,="w,; w, -+ w,,'o] W3t e 1
g 64 B AHE input x9} 3G AT rof vl s A
2218}, 84 A re w, x, 281 TAF A S ( teacher’
s signal or desired signal) y ol ¥t g4o|th[4][8][9]

bvmpuc Connc.uxons
| w o /;

Neuron's Processing Node
/

Multiplicative Weights (Dot Product)

72l 5, Structure of a Simple Neuron.
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A WAL g
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mab ofd AlZE to] QlolA Bt o

A dY wel SRS v

FR—HA Aol Alxgli L &8

M (1) =cr[W.(1), x(1), ya(t) Ix(2) (2-2)
A7 e Ty £28 AR A2 learning rates}
shal strictly positive number o|T},

AZE 2ol kot TbgAlE thy g@ whet 2 Hd.

W.it+1)=W.)+ V(1) (2-3)

(2-3)2 d= 2ol 38 + Ut
Wik+1)=W.(k) +crlWLk), x(k), ya(k) Ix(k) (2-4)

(2-4)9 B3 wet A 2o 7hEA Wy W7 2
HEHEAM A sz slgo] At 5ol XYPsH
A A7 glzgel HA outputy}t Y5k= outputde] Aol
oflA WA s error7t sk gk olatrt HW AA 3=t
9] dtzo] ¥ zlolth. o]g A o] o|PA = A4 g
2] SA4E AvEd o5 2o10]

x47 B2ge R 4 BdE % 5 98 A9,
e N s
BHOR A2 BB /5 TEE Aol et

(system 1dentification).

* NG HE v)5o g BV} 7he st
AAs= BE 7153 A4 g2y vjdg 4
2 dmjgtol M Ao ¢ ohie} Ay
&0 Jbsetth. e Al slage Aofd
S-oll= Alzglol] gt FES o.&8 HHol &

H 1& fuzzy logic control systemi} 4174
s|2re Hlwsk Flolch

3. Neuro-Fuzzy Logic Control System
(NFLCS)1} O Mg

32 fuzzy logic control systemE designali=t] A A3
Ql Who] glok= AMEE ofw] AWk v it} AF74A] @
o] AbgE T = Wi Foll shvkz A&7 know-how &
o qtsle] FHA el W 0 & membership function®} rule
& ARSI Yat= Aes A7) Y8 designdt A o7&
Ags| B 3lolth. 7HF designgt A|o)7|7F F AlE
Al wrst Ayls Az %3 79 membership function}
rule & A=A At Yt Alo)7] EAL 7= A
2glol =7] 9fafA] AR e (trial and error)& AHA
membership function} rulee] A} ¥},
olg3r FAlE st W o 24 fuzzy logic control
system#} S55E & 711 A 329E s Aol
b = el Fgl 5] fuzzy logic control system& A] AEl
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F 1 Fuzzy Logic Control Systemz} M 3| 229| Xlo|.

2 N Fuzzy Logic Control System AA g =zut
R ARz know-howE AFE) st Alojol] A& | A7t &5 715S HAFHE 7889 HEsh= 7.
R -
31 ALY g H ) AjlxEle] HE 7heE 7. * A28l 9] dynamic model & o] olF AT §l.&4 o
*%‘F’t@oi o] ol@AY Aladlol B3] ol olE] 5] Ah5d AP 48 sbed 7.
yox & o 48 753 71 * 234 9 HEAe 7)ol Hag Alxa"l AE s}
A

3 7.
* G A S U sk 9l7) ufite] HXE A2aglo] A
£ 7hs 79

A

* A E7}9) know-how & rule-based}sl= £4).
24 A 18] Al3H * 2% rule?} membership function& tuning3h= | * Aj

* 35 Bag o2 data B8,
2¢ Aurt gHE o 5E Alzgle] A
4.

o] BEAAL YXEF FE mechanismE 7}A3L Qe
ol A7 sz ﬁﬁ%m A, A% ¥4, B
Aelgds 22 5 J
7R A de] 288 E %AMI 0g F =% &l
&, N7 3293} fuzzy logic control system & 3he} 7]
Moz AT RN 2 Axjlo] 7 e AeuM o
e 1o 5 9l

A7 8z fuzzy logic control systemo] ZAgtsl= 7]
¥ g /g AEBy|e sk 1] 2][11][12][13][14].

3.1. Fuzzy Logic Control SystemoliA{ Membership
Functioni} Rule BaseE TuningA|Z7|&= wHo
EM MEF 3 2YE 0|8sl= W (MEA
Neuro-Fuzzy Control System)

a8 72 A7 3EYE ALEste design® fuzzy logic
control system® membership function® rule baseZ
tuning &= neuro-fuzzy logic control system-& Hof FaL
elth. o714 dF3%¥ neuro-fuzzy logic control system-&
M HE71Y know-howo] A4 membership func-
tion®} ruleg designdt thy A we} AF FrES
initializeA}71ch. o]& A FAH modele Y3l system
performanceE A 7] Y& model?] XA outputd} s+
outputAtole] LA E errorA o uwlel member-ship func-
tion# rule$ tuningA|71A Hrt.

oWt} ] ¥HAE neuro-fuzzy logic control system¢.2
M= a9 894 B AXY Ao A28l §) - &8 o]
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BlE ol&ato] A 32 71y F 8l self-organizing
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AR e J4 2948 BB B A patterng
# A¢ el 9o 47 Sz sol By

A HH dE " A datast 2t ) A4 patternte] §
% Hd7t H= WA patterng 11 w9 4

o2 @Aggtt o] wf Aozl Pl gt fuzzy logic
control system& o83l 2} actuatord ZZEFS A
Hct. Fuzzy logic control system?] IF ~ THEN rule&
parameter7te] #AE A5 7148 F Ug W B op
gt @7 2gAE9] AEH A4E 4A 248 & 5L

N

7HA AL i

3.3. Fuzzy Logic Control System 1 AIH|E AH g
BYoR F35= Y.

o] Al2Ele T 4o Bl F1 Q= fuzzy logic con-
trol system& A7 2o adj2 $FAZ A2 o
Zo] MH 32l 2g fuzzy logic controller?| identifi-
cation ZAZ & F JALh o] AAHBE fuzzy logic
control system& designoju} tuning® wjo] o]z LS &
317] Y8te] fuzzy logic control system9 EA4& 1=
A7 32 SEARl AS-olth 53] fuzzy logic con-
trol systemo} ¥thst rule base$} membership function&
ZHL JE A4S AFE ol HAt gEd A 3=
e 279 design® fuzzy logic control systeme] &A1&
JHAAL 9lg ¥ W obe} plant 87 9] Wl wak A7
2 A AFAFH o2 fuzzy logic control system
(FLCS)9 tuning®] o8$& 58 4 e 48] 2
. o7]14 9g" NFLCSE th& NFLCSHth 34 7k
& F2E 7 o 16].

I8 14+ fuzzy logic control system& A7 3z
TFAshE S He 1 vk o Plant2A 253
anti—lock braking system (ABS)& Apg3txom, fuzzy
logic control system-2 B]A% Ao 7]¥ 29 )¢l slid-
ing mode control system& 7]% & designs ¢t 19 15

gl 13. FLCS2 M sl2yoz 738t NFLCS.

oM B ZAAY AEa ABS system2 wheel slip ratio
(£= wheel slip)E 149 & otz fAsk= Aotk
Wheel slip®} wheel slip ratiot= (3—1)3} o] &=},
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[ Switch 1

A4 ,(/‘ e N Fuzzy u,
: o, )
3 -1 . s=é+kK.e Sliding k«
-2z
~ é s [ 8 | Mode
dt Control
dt 1,

[é}@

Artificial |14, AL
Neural Flant
Networks
/ .

Switch 2

T8l 14. FLCSg ¢

Wheel Slip Ratio:vb—;hle 100(%) (3-1)
Aq71M Vo AFsate] Adj4EE V.= vl 9 Rotational
Speed & YERHTE

mror 2%zt AL w9l vl 9| rotational speed’t ¥
A% 79 viFE 0% slip ratio® Uepdth, A4 &1 4
Efoll A2} wheel slip ratio= 1~2%A%& vepich 13
L ] < e e M 12 S B B S = N IR - P P08 o el v
& = Y5 2 ZE, viFH 9 rotational speed7} zeros}
=™ wheel slip ratio7} 100 %9 o]2A4 =™ o] wj x}%
b= w7t AR (Locked) 3 FAlofl AE2b= wl118] 4]
A ddh AEAte] ABS system®] AojofAl 74 dafgt
A 2bsAte] Hdjsee} uiF e dupt Atolo] n|miy
AFE 34 B T ot 53] Asate] A
2o} Agak vk el Zduid Atole) Wiy Al AFA
T F FARZ HEY] gl Aloj7] dAl AofM A
3 Ao 71 & d™shs Aol 7 Fa8tt 53] ABS
system& &3] modelingdl’|E B7FssH & H]AY
4& Holi it} o|yg FAE 71K Al2gl 9] Alof 7]H
o2 BlE vy Ao 7Y F9 adl sliding mode
control 7|HE& MEislgom o]& fuzzy logic control
system©. 2 F&83 fuzzy sliding mode controller& Al&
k.

a8 1494 B AAY fuzzy sliding mode controller
o} A7 3 2e|A A4 control input®] zHojof] oj3jA]
A7 g2l Sg5o] o] Fo] Zn. dgo] d gl wet
control input®] Zol= A& FAEA HY fuzzy sliding
mode controller®] E4& HolA Hr} g WAdME
switch 1& 9129 uhdo| swith 29 AAE A o= Ao}
"o}, o]F A 5ol ool A7 3ZFE neuro-fuzzy
sliding mode controllerg}1. £2]¢) A|H, st A4 32

w2-HA Aol Aadd 1 88

A 3§

4 3|20 75 Y.

e fuzzy sliding mode controlleré} #o] %z ABS
system& A& 5 A HH(19 16, 17, 18)[16].
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