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Abstracts In this paper, a hierarchical fuzzy controller for stabilization of the inverted pendulum system
is proposed. The facility of this hierarchical fuzzy controller which has a swing-up contro! mode and a stabilization
one, moves a pendulum in an initial natural stable equilibrium pomt and a cart in arbitary position, to an
unstable equilibrium point and a center of rail.  Specially, the virtual equilibrium point ( ®vg, ) which
describes funtionally considers the interactive dynamics between a position of cart and a angle of inverted
pendulum is introduced.  And comparing with the convention optimal controller, the proposed hierarchical fuzzy

inference structur made substantially the inverted pendulum system robust and stable.
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Fig. 1 Mathematical modeling of the inverted pendulum system
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Table-1. Parameters of the invert pendulum system

I DESCRIPTION VALUE UNIT
m | Mass of the penduh 0.112 g
L N B s | 0| =
¥ | Vertical ractive force at the pivot Ag - it
H | Horizontal reactive force at the pivot Ay mist
Jp__| Inertia of the duh 0.00292 k- e’
M Mass of the cart 0886 Ag -
-0.8665~
z Horizontal position of the cart m
o885
o | AR e e T x~x rad
y Wire belt pulley radius 0.0235 [
a Driving force coefficient Q78 Ms’[ ¥
% Input_voltage to push the cart -10 ~ 10 vy
G __§ Mass center of the pendulum
73 Graviiational 1% 98 /s’
#__} Priction coefficient 2215 /s
® mﬂmmw 0.00199 &g - mils

2 144 SEgue G A $AsE, HRAME
viagez $49 HE 2ATF donz g42d 38 40
<

Al T ®
22 "4 ARz EYPAX A2HL 46 x, do z
of i@ AY 24 vRuYNoa Yy

$=m { mgld— mL x— 3¢} (®)

A7IM, H=1%, ;=1 1=, 1= g3t Tol WS E A
a8 vhg-e] Ay oes Jeg £ Utk
x= Ax+ Bu @
y=0Cx @

s
M 1} 0 g
1 0 [ 1]
@ A~ umlL 1 gL
» m,
M(J,+mL") 0 L+mL® J,+mL
0 0 1 i3
a
M
0 01160
B~ . c- ] &)
_ n
—-H‘(],+mL7) 0001
0
oltt.

3. ¢ AA A2qe] HA Ao] 7Y

Wz oA Age HAAY 8 &, WA “IfThen" 74 € A
Adgol 7t F Aole E4¢ gy udy A=dd 3
fo] golgtn, e PIDA Y oG 2daf A HA
g oy 2F9 Aorivus ARt goo], AQI HAs A
Ao} tigto] A AAEAE e HEY, =% Aolrizy
Ao Rolel EFG AT Uk AN e H A ol7](Fuzzy
logic controller; FLO)8] 7|&3 2% 2928 #ol of oz &
olZ et A, AR (Fuzzification interface)= A o] U S
ylolgolm Hasictd 1 AdRHZPE AME HAFIA H9AA
wAZF 4, A4 sfojaR (Knowledge base): W alFHe]
ZA R b A, 18w o el A8t HAAHA O§
 ARE xgHd o FRE "oy WolAg JJehin AW
oo Qoja Aol fFHo 2 TAHE AoAFARE XU A
5], 2§ HA folR(Adaptive Fuzzy Controfler)i= Axiz2x =)
4 wolze) wit Z23H Il A3 she WA Aoigts A
ok A, B8 R A5 (Defuzzification interfacej= M2 284
AA 322 d Aol g4YFe HBPAAE HHAY S 3
gt

Knowiedge base
Data Rute
Base Bave
Fuzaification rary | Fuzzy Inference | ruuy | Defuzzification
Inmerface Engine imtertace "l
Norlazy Controfted Nonfuezy |
Output & State System ot

Fig. 2 Basic structure of a fuzzy logic controller system
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Fig. 3 Inference process of fuzzy inference method
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Fig.4 Structure of Adaptive fuzzy inference system
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Fig.5 Block diagram of fuzzy control system
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If ¢ is Positive then # is Positive (18)
2 "tk o714 AR dolAE &5 ¢ AX mASNY $ot
Positived o ThAl Mj7EAlel B$71 A7t B 2% ZE ¢ 7
=9 ARG Sl e WA 25709 WA Aol A ek

Table-2. Fuzzy cobtrol rules for the inverted pendulum
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Fig. 7 Membership function for ¢yp,
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Table-3. Fuzzy control for the virtual equilibrium point ¢VE4
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Fig. 8 Generall Fuzzy Control Results
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Fig 9 Adaptive Fuzzy Control Results
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