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Stabilizing Inverted Pendulum System Using Fuzzy Controller

Based on State Variables Combination
Yun-Hyung Lee' - Jong-Phil Kim® - Gang-Gyoo Jin® - Myung-Ok Sot
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Abstract: The inverted pendulum system is a common, interesting control problem that involves many
basic elements of control theory. In the early, controls of stabilization for the inverted pendulum system
were used classical methods like PD, PID controller. In recently, however, control methods based on
modern and intelligent control theory are widely applied. The fuzzy logic controller which is often used in
nonlinear control is a little too hard to design due to increasing fuzzy rules rapidly if the given system like
inverted pendulum has many state variables. Also, in case the state variables are divided into two parts,
two fuzzy controllers are needed in the control system. In this paper, the authors propose FCSC(Fuzzy
Controller based on State variables Combination) that reorganized into two new signals depending on the
physical meaning of the four state variables of the inverted pendulum system. The proposed method is
applied to the inverted pendulum system and simulations are accomplished to illustrate the control
performance.
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1. M = Jom o|F ZR2], A WA T3 wif FAMS
EPAA A2"E 7 A, thas v AL Zeth old =YHIA Ala"e] by st
M3 a3 7kek A¥(coupling) EA[1]S 7HAT © WAL IAE A AH=E FAANTE A2

T AN S 7| B, E-mail: smo@hhu.ac.kr, Tel: 051-410-4248)
1 =y F2A4Y, E-mail: domse54@daum.net, Tel: 051-621-0550
2 st Pkl e, E-mail: kmusek@daum.net, Tel: 051-624-4521

3 gl G st IT ’E,‘Q’—‘?‘, E-mail: ggjin@hhu.ac.kr, Tel: 051-410-4341

1104 / g=vtd A=y o] g 3t3] =] A367 A|8E, 2012. 11



e 23 94 A7 o1& ERHAA LT st 155

Aol wAd Aol BAZ AR 5

ZHE2A s AL
| SRR A" kg3l Aol= PD,
AAQ wyo] FE AMEE YT 1
U 27] 5Z(Tuning)’h 2 =eiehs, Faht A
oftjabel setulE WEe] AW Ao)rle] o5&
AzgsNor & Best gle] AZel ArhAl ol
23 Ao 7|We oL o] F2 Aoty

o] $koi3-7].

=

Jgos 5
R RS EI
b OB HA ol FAS F7tuel A
7hergAl ek
B Rl gRE BUA4 ALY & e
A WE 4he JeuSE 2 wek, o] 4719

il
X
P\L
rg
=)
N
44
Y
1o
&
rie
[\]
wn
(@)}
=
N
)
i)
2
o
)
2
2

71 A-go] AMEAG BEIbssA dh ol# e o &
AR A TR Lol zZtEen
s HAA 7S] JHWEFE ARSSA U5,
HAA A7 E A= St
Z5A X8t tixke 112471 A
do7|= BT EE, AL
124e] zteo] thaiA ZHzb B A A 715 AAlst
, ol T8 HAA AN E At HHE

ol HAA7IE T AR OF Frhe
Ego] UTHS]

A B E=elAE ol d A
7] S8l TR A" L] 4719 AdH]
24 oule uwhet MZ-E 2719 AE2 AAdst
A, olE HA 94Y HMFE AMEShe A
& AR A7 E Alreeh Are /1M AFH

AlEEeldE T3 1 FEAS SATTh

Sugeno 2] <]
AL e &

I

2. Al A ZE
TR Al2gle] BUye oy FHAA 2
E g Jdon, B =FdAlE Figure 13 2ol
2ol FAEpivo) 22 AZFE THAA A|A"H S
ettt ol Figure 13} o] A7 7]goix
TE Y AE@0>0)E Fogth

=~

o

]_
}_

N

ol kKl

m

A x-ydadelA o] Tkttt oA E =¥
l

AR A2"2 22 EE 7HA7] Wil 30
ol WhAe] olF 3 Fr el HAe] ArRA #
&S Uebd S Slth Figure 1914 WA g0}
23 Azte] o <l B sE thake] F4
A& FASL wHO 2FEAS ol&dTh 17
HOERAA ALEE o 22 2eUAEAE
A& dem ol e FHl= o FHIA
Al Fok= 5 AT5-7]

(M+m)3&+bi{—m€écos€+m[é25in€:F
) (1)
(I+m#?)0—m glsind —melxcosd =0
AA7 T8 AEjolA 3 U] &
st u=F2 WXt b3 22 43 Uy

% 4 slvk
(M+m)x+bx—m £h=u
(I1+m)f—mgld =mlx

1M X, =X, XQ:>'<7 X5 =0,

TE A8y, 4 QezRH AHUAAE F

E

g=rulR XU o] ks x] A36W A8E, 2012. 11 / 11056



ok kg3t 2ol ALY + Atk

x=Ax+Bu
3)
y=Cx
olwl, A, B, C= Zt7} 4x4, 4x1, 2x42] A5 3
B2 ot gol 3 ;w
0 1 0 0 0
0 —4b 3mg 0 4
A= (4M+m) (M+m) B= (4M+m)
|0 0 0 1> 0
0 —-3b  3g(M+m) 3
(AM+m)¢ (4M+m)e (4M+m)¢
1000
C_{o 10 o}
Table 12 Rd ] ALSH SguHE e

ZolH, o] ]

839 A, B 9YS 9L+ Aok

Table 1: System parameters

Parameter Description W 9
M zke] A% 0.5 kg
m A28 A 0.2 kg
b e oFEAF | 01 | Nmis
£ Z12e] 7ol 0.3 m
I A 72pe] #A] 0.006 | kgm’
g ZE&e 9.8 m/s”

Bﬁéo}ﬂ 9 H
71E] A5, 7-8]1%ke hEAl "R H A Ao
7](Fuzzy controller based on state variables

combination, FCSC) A A ¥'HS A eksich

o] W 479 eSS 270 MEE AT
2 Z3(Combination)F 24 HA| A o7&
AHEStE BAlY HA S
e Zh=t),

SRR AoJAAH Y di) ;(-LQ_E]‘— A]—EHJ,]E
oA Yy 25l A 4)E AZeAn

al r%

A2

30 =L
e 2

u=—Kx

:_Ekixi

i=1

“)

1106 / #3op2 7)1 o]

23] %] A36d A8E, 2012. 11

=[x % X, £ AE Wt
AR A"l A ZE Q1 orle whE) e |
FE FEY F Ad0d dEHHss ged 2ol
AZrs 4 Qo
x=[x'x""]T (5)
o x' =[x Xz"'Xp]T7 XpH:[Xpﬂ Xp+2°7" x T &
ojmsttt,. IHH 2 (5)= o= 7ol Yeld &
A
p n
{Ekixi+ 2 ijj}
i=1 j=p+1
(6)

{kZ

1—1
=—{k

n k

]

p+1 E k Xj}
j=p+1 Hp+1

Lk, Xy p=F(X)

Nl

A7NA  k, =k, k,=

kp+1’

k X013, F (-)e AN
j=p+1 +1

q

;%ﬂz} Alz=de] etk 91A(x), Ak
S5(x), 1A ZHE(0), DA ZHR(f)o] 2Lt}
Al Add W = N2 7
e x?T=x x : 00"

THE F ek 299 4 (©)

Il
]
"

2 AN & %
el A=A A 4 A
Z38+31o
FE = ?L*éElttL F(-)e
o}g}.‘:

0.

N

sk L
[-1, ]}\}o] 5}0}0:] ATy, 223
At s}std 5&4‘}74] 4*(Scaling factor)E &3]

e e r;E L

4



e 23 94 A7 o1& ERHAA LT st 157

ok s, ¥ =2olMe AAHLE F

Xé Z|
AAEEE 3T} Table 2= FCSCO T4 AL
e

Table 2: The construction of FCSC

a4 Mamdani type
And A4t min
Or Azt Max
H] ¥ 2] 3} FAFAH
S L Py [E S e S IS

IEEERE

-1 1]

=Lk IN(&EES 71 A
894 "W |1 1]
H A3 497

2708 dEF 1] =9 Agel ARES &A%
5 ZO(Zero), PS(Positive Small), PM(Positive
Medium), PB(Positive Big), NS(Negative Small),
NM(Negative Medium), NB(Negative Big)2] 7712
A28t 0w, NBZ PBS Al 71¥.0] E(Sigmoid)d,
U AE  7F¢AK(Gaussian)® A& FEolTh
Figure 2 9 39 A£%@5e 2GS vehd A

o).

y

(¢3

NB  NM NS 0 PS PM PB

0
-1 -05 0 05 1

Figure 2: The membership functions (Inputs and

output)

w EmElA AR A rH2 TR 25F
FE ©]-&3to] Table 35} 2 497§] FEoE A
ol st
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NB | NM | NS | ZO PS PM | PB
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