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Abstract

The objective of this paper is to present a controller-design method that can guarantee the global
stability for nonlinear systems described by Takagi-Sugeno fuzzy models, and to apply the method to
a typical nonlinear control problem. The presented method gives us a compensated fuzzy controller
through the following major steps: First, if each local linear model of a given Takagi-Sugeno fuzzy
system does not have the same input matrix, the method expands the system into the one with a
common input matrix by inserting a linear compensator ahead of the input of the system. Next, the
method finds a Takagi-Sugeno fuzzy controller guaranteeing the global stability of the closed loop via
solving relevant linear matrix inequalities. Compared to the conventional PDC(parallel distributed
compensation) technique, the presented method has an advantage that trial-and-errors to check the
global stability are not necessary. An illustrative simulation on the control of inverted pendulum is
performed to demonstrate the applicability of the presented method, and its results show that a
controller satisfying the global stability and robustness can be obtained by the method.
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7K A 9.8 misect 03, m 3 M- ZHE Az}
o} o] Algkelrt 2/ A2k Hol(AslE m)el
I, we e JRIxlE 39 =Z1(d¢E N)olth
222 g 1/ (m+M) 2F A== Aol B
=] AEHedelE (4] 64 Mg AR F 72
& A28 ARERIT) o] A~RlE BARN: deleE
o Zok om=2.0( kg), M=8.0( kg).2/=
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IF-THEN +3& +A43hd ohaa 22 TS =7 =
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dx
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B, = [ acos( 88° ) l :

T 41/3—amlcos?( 88 )



50 B HAA| Aoj71E o] 8% v Y Alnw g EHE

283, IF-THEN +3e] 7144 S8l %] A Aok
3 “about 0”¢} "about = #/2“9] &g e 18

par _[ A 108 _[ A 0B =
4st 2. e R R ek G I

0
o].
2
about ol 27 (15), (16)L ¥53| we 42 35 zhed]|,
o / \ MATLAB LMI Toolbox'®'& o]8sle] =z 2o
shie epd okt RoHALSALRAE HrE A4
about 0 7} & 7%l MATLAB LMI toolboxis, A3 &
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Fig. 5. Response using compensated fuzzy
control (1): Initial conditions (1)=15°,

(2)=30", (3)=45".
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Fig. 6. Response using compensated fuzzy con-
trol (2): Initial conditions (1)=65°, (2)=
75°, (3)=86°
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Fig. 7. Response with m changed: Initial con-
ditions (1)=45°, (2)=85".
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Fig. 8. Response with M changed: Initial con-
ditions (1)=45° (2)=85°
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Fig. 9. Response with [ changed: Initial condi-
tions (1)=45", (2)=85"
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Fig. 10. Comparison of the results of this paper
with those of PDC technique (1): Initial
conditions (1)=15°, (2)=30°, (3)=45°
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Fig. 11. Comparison of the results of this paper
with those of PDC technique (2): Initial
conditions (1)=65°, (2)=75°, (3)=85".
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