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The design of improved variable universe fuzzy controller of
triple inverted pendulum
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Abstract: In traditional variable universe fuzzy control system, the universe changes with the values of input variables;
this damages the response rapidity. What’s more, it is difficulty to select the function models for the expansion-contraction
factors and their parameters. To deal with the above problems, a fuzzy controller of triple inverted pendulum based on a
new variable universe algorithm is designed. First, the idea of comparatively variable fuzzy control is presented. Second,
the expansion-contraction factor is constructed based on the fuzzy logic inference rule list, and the output tuning factor is
designed based on the closed-loop response curve. Finally, pole assignment method is employed to integrate the states into
two variables to avoid the rules explosion problem. The simulation results show, compared with the traditional variable
universe fuzzy control, the proposed controller improve the response speed and control precision of the inverted pendulum
system.
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Fig. 1 A simplified model of the triple inverted pendulum
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Table 1 Experimental parameters of system

¥ SHIE K ZHUA
My 1.32kg J;  0.0022 kg-m?
M; 0.15kg Jo  0.0050 kg-m?
M, 0.22kg J3  0.0032 kg-m?
Ms 0.18kg  fo 22.9 N-S/m
Iy, 020m  f;  0.0071N-S/m
lo  030m  f;  0.0026 N-S/m
I3 024m  f3  0.0026 N-S/m
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{X(t) = AX(t) + Bu(t),
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Fig. 2 Universe partition and memberships of e and ec
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Fig. 3 Universe partition and membership of «(e, ec)
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Table 2 Fuzzy rule of contraction-expansion factor

E

EC
NB NM NS ZE PS PM PB

NB PB PM PM PS PM PM PB
NS PB PM PS PS PS PM PB
NM PM PS PS PE PS PS PM
ZE. PM PS PE PE PE PS PM
PS PM PM PS PE PS PM PM
PM PB PM PS PS PS PM PB
PB PB PB PM PS PM PB PB
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Fig. 4 Response curve of displacement

006 —T—T—71 T T T T T
0.05 oo ARG
0.04 Fi o — Uk
0.03 Hi- —
0.02 'ﬂ\ .
0.01 H-\¢
0.00 | \
=0.01 -t
-0.02
-0.03 : freret g
0 2 4 6 8 10 12 14 16 18 20
tl's

K5 $2mimhek

Fig. 5 Response curve of rod 1
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Fig. 6 Response curve of rod 2
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Table 3 The precisions of two algorithms

tBon g etk dodHNA
z/m 0.9972 1.0023
f1/rad  0.00094  —0.00008
f2/rad  0.00072  0.00021
f3/rad  0.00052  0.000032

5 4#5i8(Conclusion)
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