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Optimization of feedback control parameters of equilibrium

point about nonlinear inverted pendulum
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Abstract. Based on circular-rail nonlinear inverted pendulum model, a optimization algorithm of feedback control
parameters about equilibrium point is put forward. Control parameters are then programmed and computed. Circular-rail
nonlinear inverted pendulum is practically controlled with computed parameters. Compared with feedback parameters of
linearized system, large amplitude equilibrium scope can be obtained with this method. Finally, feasibility is indicated
by simulation and practical applicetion
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state feedback parameters of equilibrium
control for non-linear system )
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( Description of determining state feedback
parameters problem of equilibrium control )
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2.2 RERBS MR E /Y & 7 (Establish
optimizations about state feedback parameters)
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( Dynamic accomplishment of objective function
for determining state feedback parameters)
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F B 4B B ( Program sections of gradient
optimization method for computing feedback
control parameters about equilibrium control)
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analyzing example of state feedback parameters
of equilibrium control about circular-rail
nonlinear inverted pendulum system )
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equation of circular-rail inverted pendulum
nonlinear system )
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H1 EPESERS
Fig .1 Circular-rail inverted pendulum system

3.2 BB % %5 ¥ ( Parameters of circular-

rail inverted pendulum nonlinear system )

HARF SRR J, = 0. 0475 kg - m”, KFAF
K1, =0.165 m; FiE m, =0.408 kg, AT ol 4
B R J, = 0.0029 kg - m* Bl SR
I, =0.116 m; 3Rz A IE{E v = 4.7 Nm,F, =
0. 11 Ns/m, F, =0.025 Ns/m. #£H|ftEl s, =1 5,48
BREN ! = 4 37PBMREIE KO th = 0.005s, H14h
%M BURFIEA,0, =0, 0, =1 ~20°, wy = w, =
0, %5 BAR R RMEE ¢ = 107", B R 3P Y
& dk; = 0.0000001.
3.3 KERBSHEMNEFITHESZR(Computing result

of state feedback parameters based on programme )
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0, wy =w, = O,WZ:IEJ 0, %#ﬁﬁ,ﬁﬁ%m%ﬁﬁﬁ%
SHE 1.

A1 RERMASBGT A4

Table 1 Computing result of state feedback parameters

6, k, k, ks k,

1 0.04342 —17.48612 0.69090  —1.19020
2 0.04059 -17.48620 0.70018  —1.19900
3 0.03387 -17.48088 0.71682  -1.21612
4 0.03748 -17.48186 0.70685  -1.20518
5  0.03386 -17.47626 0.71454  —1.21323
6  0.03505 -17.48353 0.71069  —1.20937
7 0.03461 -17.48615 0.71072  —1.20855
8  0.03554 -17.48127 0.70587  —1.20272
9  0.03442 -17.48208 0.70641  —1.20314
10 0.03469 -17.48195 0.70276  —1.19881
15  0.03559 —17.48795 0.67620  —1.16982
20 0.03547 -17.49155 0.62393  —1.11691
2 0.03384 —17.51124 0.59584  —1.09099
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Table 2 Optimizing process when initial state §, = 5°

gi 1 , bk s
0 0.8000 -15.0000 0.3000 -1.0000 0.43646619
5 0.5178 -17.4968 0.1688 -1.1604 0.00047567
10 0.2730 -17.5125 0.3375 -1.0890 0.00019787
15 0.1672 -17.5226 0.4394 -0.9827 0.00008005
20 0.1413 -17.5251 0.4948 -0.9376 0.00001110

25 0.1082 -17.5163 0.5512 -1.0090 0.00000708

30 0.0990 -17.5118 0.5694 -1.0405 0.00000407
35 0.0715 -17.5000 0.6265 -1.1101 0.00000136
40 0.0408 -17.4817 0.6958 -1.1933 0.00000011
43 0.0339 -17.4763 0.7145 -1.2132 0. 00000001

RRRLSER .

k, =0.0339, k, = - 17.4763,
k, = 0.7145, k, = - 1.2132.

4 ETRERRSBIUHELERNEHEIE
#l {7 & ( Simulation of equilibrium control
computing result based on state feedback
parameters )
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Fig. 2 Angular variation with time in equilibrium control
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