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Abstract

In this paper, we proposed an optimization method of the membership functions and the numbers of fuzzy
rule base for the stabilization controller of the inverted pendulum system by genetic algorithm(GAs). Conventional

methods to these problems need to an expert knowledge or human experience. The proposed genetic algorithm

method will tune automatically the input-output membership parameters and will optimize their rule-base.
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Fig 1. Mathematical modeling of the inverted
pendulum system
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Table 1. Parameters of the inverted pendulum system

DESCRIPTION VALUE UNIT
M|l Mass of the pendulum 0112 kg
Length from the pivot
L tf) the mass c:nter of pendulum 0.25 |m
I/ Vertical reaction force at the pivot —— kg‘m/sz
H Horizoatal reaction force at the pivot kg‘m/sz
]p Inertia moment of the pendulum 0.00292 |kg
M| Mass of the cart 0.886 |hg
-0.655
X | Horizontal position of the cart ~0.655 m
Angle of the pendulum
¢ from the vertical line - & ~xjrad
7 || Wire belt pulley radius 0.0235 |m
@ il Driving force coefficient 0.738 |\kg-m/s°/ v
2¢ | Input voltage to push the cart -10~10|v
G Mass center of the pendulum
£ | Gravitational acceleration constant 98 |m/s
4 | Friction. coetficient 2215 \|ke/s
5 g?efugci‘-gdrjluaéed to rotation moment 0.00199 kg~m2 /o
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Table 2. Fuzzy control rules for the inverted pendulum

¢¢ NB | NM | Z0 | PM | PB

.
NB NG NB NM NS ZO0
NM NB NM NS ZO PS
Z0 NM NS ZO PS PM

PM NS y4Q) PS PM PB
PB Z0 PS PM PB PG
%l

PS Positive Small
PM Positive Midium
PB Positive Big

PG Positive Great

NG Negative Great

NB Negative Big

NM Negative Medium
NS Negative Small

ZO Approximately Zero
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Fig 2. Membership function for the inverted

pendulum.
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Table 3. Fuzzy control rules for the virtual equlibrium

point ¢ ve
| i
~_ X
» NB | 20 PB
NB NS | NB /8]
70 NS ZO IS
| PB zo [ pB | PS

PS Positive Small
PB Positive Big

NB Negative Big
NS Negative Small
Z0O Approximately Zero
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Fig 3. Membership function for the virtual

equilibrium point ¢ vgq
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Tabie 4. Coding for multiparameters identification
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Fig 4. Genetic Algotithm based Optimal Fuzzy

Controller for the inverted pendulum system

Fig 5. Inverted pendulum system control result
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