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Abstract

In this paper, we proposed an optimal identification method of identifying the membership func-
tions and the fuzzy rules for the stabilization controller of the nonlinear system by RVEGA( Real
Variable Elitist Genetic Algo rithm). Although fuzzy logic controllers have been successfully
applied to industrial plants, most of them have been relied heavily on expert' s empirical knowl-
edge. So it is very difficult to determine the linguistic state space partitions and parameters of the
membership functions and to extract the control rules.

Most of conventional approaches have the drastic defects of trapping to a local minima. However,
the proposed RVEGA which is similiar to the processes of natural evolution can optimize simulta-
neously the fuzzy rules and the parameters of membership functions.

The validity of the RVEGA - based fuzzy controller was proved through applications to the stabi-
lization problems of an inverted pendulum systern with highly nonlinear dynamics. The proposed
RVEGA - based fuzzy controller has a swing -~ up control mode(swing - up controller) and a stabi-
lization one(stabilization controller), moves a pendulum in an initial stable equilibrium point and
a cart in an arbitrary position, to an unstable equilibrium point and a center of the rail. The stabi-
lization controller is composed of a hierarchical fuzzy inference structure; that is, the lower level
inference for the virtual equilibrium point and the higher level one for position control of the cart
according to the firstly inferred virtual equilibrium point. The experimental apparatus was imple-
mented by a DT -- 2801 board with A/D, D/A converters and a PC — 586 microprocessor.
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Table 1. Parameters of the inverted pendulum system
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Parame ter Description Value Unit

m Mass of the per;dulum 0.112 kg
L Length from the pivot to the mass cexlte;of pendulum 0.255 m
v - Vertical reactive force at the pivot T — kg m/s*

I H Horizontal reacbéiu;/'ebe}orce at the pivot - — kg ;Il/ s?
Jy Inertia moment of the pendulum 0.00292 kg - m*

i M Mass of the cart 0.886 kg
z Horizontal position of the cart 10655~ m

0.655

¢ Angle of the pendulum~ “from the vertical line ~-T~1 rad

B r Wire belt pulley radius 0.0235 m
a Driving force coefficient 0.738 kg - m/s*V
u Input voltage to push the cart ~-10 ~ 10 \'4
G Mass center of the pendulum — —_—
g Gravitational acceleration constant 9.8 m/s*
" Friction coefficient 2.215 kgls
n Coefficient related to rotation moment of the pendulum 0.00199 kg - m?/s
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Fig. 2 Block diagram of the proposed fuzzy control system using RVEGA
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Fig. 4 Flowchart of the RVEGA
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Table 3. Parameters of RVEGA

crossover rate 0.85

mutation rate 0.25

size of population : 20
Rﬂ;naximum generation ‘ 15()”*
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Table 4. Fuzzy rules for the virtual equilibrium
point ¢yg,
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Fig. 5 Fuzzy membership function patterns for the virtual equilibrium point bveqy
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Table 5. Fuzzy rules for the inverted pendulum
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Fig. 6 Fuzzy membership function patterns for cart position control
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Fig.7 Simulation results for the fuzzy controllers
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