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ABSTRACT

In this paper, a new approach to modeling of nonlinear systems using fuzzy theory is
presented. To express the various and complex behavior of nonlinear system, we combine
multiple model method with hierachical prioritized structure, and the mountain clustering
technique is used in partitioning of system. TSK rule structure is adopted to form the
fuzzy rules, and Back propagation algorithm is used for learning parameters in consequent
parts of the rules. Also we soften the paradigm of Mamdani’'s inference mechanism by

using Yager's S-OWA operators. Computer

effectiveness of the proposed method.

simulations are performed to verify the
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3. v

F.9.

o

X FE HrdE

24N A9E BFLLUA A
A%e WA mdge AAY 2w w3l
18 FAS) A% A AR FRN BE
ar) 320 A7 FAAE ARt o
A3 HHL AN 24e WA Do HATY
e FEd AZENTEE AdHons
34 E A Dok,

BE HAA e wo wE

ULES

ol o)

2o AYE Fol WnA HI& AAA Aol
7ol #do) AAHE Aol opdt FHI S 2
dadz 289 gol eXH02 AR AY
39 @AE AW Axdel WA o) e
At}

WA e jEA FHY AREES R
st

T 5= /\ﬂ A};(xk) (12)

WA @29 nle A 9% FY Tie v
3 o} "t

Q i/ \fy (13)

e R K B R B e
9 F 4 TE5E dHog g
st} TR A Ao

A e 28 Virt GE FoF @ ol o
g 9 dolge F#F¥EE giEt stu ohEH 2
o] Az}t

g;= max u ¢ (y) = Possibility(G;) (14)
ad iR #Hde 29 G
Gy =(Ti{(» Now(g)NVG;-1(y) (U5

)M 2 5 QEol YATCIHY FUE gt |
WA dde) WA £96 9@ AJES FH
A, 2352 o8 HAS) WIY F A% 4
15wzt tes FuE A48T + 9
o,

low(g)) = 1- gi (16)
aed™

iy
ATt

weF gzt 1] @ 3% H(IHERE v
He A8 2o R 29 ¢ 4

7—? el 24 (13),(15)d AHEEH= HA Azt
< Mamdani® F sy 5 A WHE
%%%‘ 4 9l&ed], Yagerd S OWAQ AL E o]
& SN oEN FAEE FHe HA FE0] T}
S 38eh[9]
T3 aggregation?] €3l &I Zo] A
& S-OWA-OR Q4HAHE A8 & Q.

- 327 -



= (1—3)% ;ai + Ban, 0<A<1
a7

S-OWA-ORAAA = ORAE7F ol Z&=<l
orlike aggregatxon.?.i*i Bzre] AAd wet §4

3 38 g d& & I =1 73%, Ea ks

[

Max@2akA}7} 5 o] Mamdan1-4 FE WYY 5d
A €t

TH Aztel @3t v Zol AHAHE
S-OWA-AND AARLE A8 5 QT

/\,ai=(l—a);11— ,Z\ai +aay, 0<a<l

(18)
S-OWA-AND 9A4rA = ANDAEZ} a0 F453
9l andlike aggregation®. 2, agte] AAd wat
FdsA A AIgFES 2AY 7 Uk a=l

el AL, % Mind4tzi7h Fle] Mamdani®
FE4 ‘ﬁ-‘*]' FYU3A "o
A-FAF A gdde oS3 Zo] Aoy

= S- OWA PRODUCT A& AH8E 9tk

Hai=(1—7)§gai+rﬂai, 0<y<l

(19)

(14)el A B ol o3& 48 A celld} & o
A Ao A At Addn =19 A5 3
&7F H9, y=09] Z<$ Hd7l ¥v. Mamdani F

290 FFHE r3S ad AHE AFH A
Ard 5 gt
4. 2olNE 2 2
41 DHzl
B =FodME oo 2 v AdFAE o] &3lH
S RoAYPe £330 noiser EF
#Az}b 0.050] ¢,

Fig. 4. Cluster Center Points

After Rermioviid the Fieat Cluste € anter

Muuntain Function

st Removing the Third Cluster Center

PN
W

Fig. 5. Mountain Function
3% 494 &L xE F%S yE et
a8 3 vVlEe FE e oA S F
Adeltt. oY b.& ved F2EHYE £33
WA PR v " FeE EAS AR FHA
28 AAE BH AMA Feghel A #
B-e] 1% FHolAle RAE ¢ F Atk JA] AW

A, WA 295 vprbA o),

086

4
4

0 o Nonlmear Sysl em

05 — — — — + Nonlin ﬂSylm(Wml ey |

04 — = — —

1
03 — = — — = — — - Jol- ¢ [
[ [ 1 1
1 ?l %I )
02f — = - — :___q%__l_~_ ****** b e =

Fig. 6. The Result Of Fuzzy Modeling
oY 6. detdE g F Rdzd Ado)y
wolzryt E%E HolHERH e A"
Z Rdygds & 7 Qo

- 328 -



4.2 Inverted Pendulum Control
Pendulum®] 7% oldle} zton B =Fojji

v FAAQA BgAYPL S5t w3k A oA
o] @AZ Azt Pole®] ZHW3E 0~08[rad] &
2 A% stHen A&z WHE 0~05rad/s]
o]},
S
4
rd
F
me =~ S,

Fig. 7. Inverted Pendulum System

g 98 [™%] (FHNEE)

m. : 09 [ke] (X9 FA)

m, : 0.1 [ke] (ZF< FA)

i 105 Im]l (&9 Awrde)
F : [Nl (& 718 §)

a9 82 AolTFAE AYsI] Astel A A ghol
Folflgwl ©Mg Folsh: W Shooting
Method& o] &3te] & AoFHolth, o wul
A aPe AN Qe FHE 2D B
|},

Control Sutace

e

Zomtrad o

ty I

0o

AN veloyfradis]

anglefrad)

Fig. 8. Control Surface

Control ForcefN

Angular Vehocity(rads)

Caneol Surface(Clusterad)

Angefrad]

Fig. 9. Control Surface(Clustered)

Eohe de ANFHE ol gste] o
ohefst 2t

- 329 -

Fig. 11. Angular Velocity of Pole



Fig. 12. Control Force
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