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Abstract
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Stabilization of an inverted pendulum system via

an SIRM neuro-fuzzy controller
Songklanakarin J. Sci. Technol., 2005, 27(1) : 101-121

This article presents a new neuro-fuzzy controller to stabilize an inverted pendulum system. The
proposed controller consists of the Single Input Rule Modules (SIRMs), the artificial neural network (ANN)
and the dynamic importance degrees (DIDs). It simultaneously controls both the angle of the pendulum and
the position of the cart. The learning of the ANN results in the DIDs. The proposed controller has a simple
structure that can decrease the number of fuzzy rules. The simulation results show that the proposed neuro-
fuzzy controller has an ability to stabilize a wide range of the inverted pendulum system within a short period
of time. Moreover, the comparisons of the simulation results between the proposed neuro-fuzzy controller
and the SIRMs fuzzy controller are revealed in this article.
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Figure 1. Configuration of the inverted pendulum system.
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Figure 2. Neuro-fuzzy control structure.
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Figure 5. Simulation results (pendulum length of
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Table 2. Base and breadth values of the input

Table 3. Fuzzy rules for the two dynamic variables

items. of the pendulum.
Input item Base value  Breadth Antecedent variable = Consequent variable
x| w,(i=1,2)
pendulum angle 2.00 2.50
angular velocity 1.50 1.00 DS 0.0
cart position 0.15 0.20 DM 0.5
cart velocity 0.15 0.20 DB 1.0

Table 4. Fuzzy rules for the two dynamic variables

of the cart.
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stabilized within finite settling times (SIRMs fuzzy controller)
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Figure 29. Comparison of stabilized pendulum angles.
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Table 5. Comparison of stabilization times between the proposed neuro-fuzzy controller

and the SIRMs fuzzy controller.

Case Situations for simulation

Stabilization time (sec)

Neuro-fuzzy controller

SIRMs fuzzy controller

initial angle = 30 degree
1 initial position = 0.0 m
length of pendulum = 1.0 m

4.24 8.24

initial angle = 30 degree
2 initial position = 0.0 m
length of pendulum = 0.2 m

3.86 6.59

initial angle = 30 degree
3 initial position = 0.0 m
length of pendulum =2.2 m

8.80 9.09

initial angle = 0 degree
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length of pendulum = 1.0 m

3.93 7.19

initial angle = 0 degree
5 initial position = 2.0 m
length of pendulum = 0.2 m

4.02 7.13

initial angle = 0 degree
6 initial position = 2.0 m
length of pendulum =2.2 m

4.70 7.83

initial angle = 30 degree
7 initial position = 0.15 m
length of pendulum = 1.0 m

4.18 8.25

initial angle = 30 degree
8 initial position = 1.5 m
length of pendulum = 1.0 m

4.04 unstable

w3n e desawldszuugndumndu lag Figure
31 WJuauien 83TAUsaNIAILANLNaINIIUSY

¥

WRENAMNEIVITIUYNFNRATNNLINGUVDIQNFN

Figure 32 1 Q920UL20 NITOUTVBIAIAILANIND
ﬁwmiﬁ%uLﬂﬁlﬁummmwmﬁmgnéjuLLazénLmu',a
Sudureedan  wumsdi Figure 33 4 aeuouiua
msnuuﬁaﬁwmiﬂ%’uLﬂﬁﬂué’mmm%'a\lﬁumamu
WAZAIIA  WANIINA BU NIINUIW A9bFAUING
muQuﬁﬂi—Wﬁn%mﬁﬂnQSuwmLam 1w 319
L ﬁmmwiﬁs:uuqnﬁumﬁ’uvlmumaummﬁﬂiwmw

NINFIAILANNBTYRANY BUNALAE?

51

Q

ABMIAVANKLUIYRAIATHIL walia 319
v desnwldszuugnduandunuudadadaainnis
HONK TUITRINAIAIUANTITUUUN) B UNALAL
sawnulassinalse misunsadanuguiale- W
RanBunaAe UsznaudisngWarmuuudunafe
(SIRM) uazanszauau wawaia (DID) Feléann
lassaneds: indsnnldnisiSeuiuuouwsnau
. o o o e s .
MmN waiilass Senlddudon uaztinan
o dl o A v a
JungWadlasldines 12 ngluns 50 fesnn



Songklanakarin J. Sci. Technol.

Stabilization of an inverted pendulum system

Vol.27 No.l Jan. - Feb. 2005 120 Khwanon, S., et al.
E1 — peuro-furmy controlles| L 1
e — - SIRMg fumzy controller| - 1EL 4
26| J 16| i
14 | A L.

= 212} {1 & 22t L

= Il { = 2ol -

2 18} 1 2 s -

sl 1§ B

— r - - ]4- i -

'E 12 g g 12¢ -

{ 10 (= 1ok -
08} e nelk .
06} . iF13 -
04l 1 04 — nauro-fuzmy controlles
0z IZI2‘ = =« ZIRM s fuzzy controller 1
orp ] 0if — ]

024 8 12 16 20 24 28 32 36 40 44 48 52 5 6D 0 02 04 06 08 1D 12 14 16 18 20 22 24

Pendulum angle {deg)

Figure 31. Comparison of stability various (I)

L]

Cart position (m}

Figure 32. Comparison of stability various (II)

36T

51
45
LT
4] L
36
1
n
24

Pendulum angle {deg)

0t
164
12t
B
a1

— peuaro-fuzmy controller|
— - BIRM s fuzzy controller)

2t

0 02 04 D& DE 10

12 14 16 18 20 21 34

Crart posttion {m)

Figure 33. Comparison of stability various (III)

IﬁszuuqnﬁmNﬂﬁmmu"ﬁaoﬁalﬁmLa‘jaﬁﬂmimuﬂuﬁ'\i
NNYNFANUATATUNUIVRIAI TN wonanidananson
usInuzuazl sz nnavosdnuguiale-Nadyia
NYBUNALAET  INHANITIIABY DIUNIIALATHANTT
NA BU NITOULVBIIAILANL aslEAuIToNT-
fwosvasszuuuae ﬂﬂ%ﬂ’]iﬁﬁ‘ﬁlﬂ’mﬂwL‘i_laliluLL‘iJa\‘le‘lJ
3§m§mquﬁ'ﬁu woilfiony nsn $1uL Assniwld
s:uuqné’;ucmsTuLLuuﬁa@iaLamlumamwﬁﬂ‘ﬁwmw
Ihadwmaiy  uenanidldmmadSauisunanis
109 ommInins $1e fesmwlFszuugndaumndi
ﬁwé]’amuﬂa\lﬁﬂi-ﬂeﬁ%ﬁﬁmﬂgauwmLﬁm Aumneiia

add 2 Ve 1 oo A a a
N1IAIUANIDAH ‘ﬂ\‘ivLW,Lﬂ mmuquﬂsﬁéﬁ"m@ﬂgauwm

9

WEY WANIING AU NITAUSVBIAIAILANLARLID
o & o a A a a a

W aslidudn deueuials-Wadniangdunaaen

i we w1 S desnwlFszuugndunndule

FIIWAAVOLLUA WITOULNNTIVINNIGIAILAN

Wagnidan)dunaiie
v
VoL uaLUL

lunsmsinaes amnssinis $ra fesnw
I¥szuugndunndudiadaiuguials-Hodaiang



3. qUaIUASUNS NN,
N 27 a17Un 1 1A, - AW, 2548

v =S v v U
n3 3L ﬂﬂiﬂ1Wlﬂi$UUgﬂﬁlNNﬂN‘u

121 minl ainydeu uazanz

Bunaden AmualididasnisiSeud (learing rate)
A9 o @ a o o & | a =
Al mIunsiSaniuuuwnsnauludiesh  @9one
gasldruwansavlunafauinin - daiwdeldnig
a v 1 = = é’ 7
Liﬂ%g%ﬂﬂiﬁ’ﬂﬁﬁﬁi: WMNENIIALIITY @1AUIUU N
Id1annsiioud wrsndduen (adaptive) ldans
L X 4 .
2IUNITANINTAILAN UBNAINALADIAINNTLTY
AszauAN A wa TalditnsSeuIuuuuwingy
Taaam e Sisnduaadlasetnaysy s leun
Ammindse m wazdlune  ldn1ainnis ludn
a d‘ 1 2 a £ ¥
p1afilant Ala 1w13n 3190 desawldszuugnda
P Ve o & ; o . .
nnAw e detuarananideilymiidan1 It nuae
a AI k4 1 g U U a
WA SITNFULAA R IIANIE NdamAnanT
AUEIA10 9 1% IBLUANDANDINN (genetic algorithm)
MIAUAIUUAYLAIUTUAL (adaptive tabu search)
LDadins

1on 1591484

Cavalcanete, C. and Hirota, K. 1998. SIRMs connected
fuzzy inference model tuning using genetic
algorithm. Proc. IEEE Int. Conf. Fuzz. Syst.:
1277-1280.

Cui, X. and Shin, K.G. 1993. Direct control and co-
ordination using neural networks. IEEE Trans.
SMC. 23(3): 686-697.

Jin, W., Li, Z.J., Wei, L.S. and Zhen, H. 2000. The
improvements of bp neural network learning
algorithm. Proc. ICSP2000: 1647-1649.

Kandadai, R.M. and Tien, J.M. 1996. On a fuzzy-neural
hierachical controller with a self-generating
knowledge base. Proc. SMCi96, vol.4: 2625-
2630.

King, R.E. 1999. Computational intelligence in control
engineering. New York: Marcel Dekker Inc.

Kyung, K.H. and Lee, B.H. 1993. Fuzzy rule base
derivation using neural network based fuzzy
logic controller by self-learning. Proc. IECON'
93: 435-440.

Mizumoto, M. 1996. Product-sum-gravity method =
fuzzy singleton-type reasoning method = sim-
plified fuzzy reasoning method. Proc. FUZZ-
IEEE'96, vol.3: 2098-2102.

Omatu, S., Fujinaka, T. and Yoshioka, M. 2000. Neuro-
PID control for inverted single and double
pendulums. Proc. IEEE Int. Conf. SMC.: 2685-
2690.

Sakai, S. and Takahama, T. 1997. Learning fuzzy
control rules for inverted pendulum by simplex
method. Proc. 13™ Fuzz. Syst. Symp.: 61-64.

Yi, J. and Yubazaki, N. 2000. Stabilization fuzzy control
of inverted pendulum systems. Al in Eng.14(2):
153-163.



