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Output Feedback Control of Inverted Pendulum

Yuichi IKEDA - Hitoshi AIHARA - Makoto ARAI

Abstract — The system of inverted pendulum has the mechanism that enlarges the am-
plitude of the pendulum by rotating the pendulum supported to rotate on the horizontal
arm right and left. This research aims at the development of the control system that
maintains the inverted pendulum that was stand even right above to stable and distur-
bance attenuation by H., output feedback control method. For the design of the control
system is calculated by using MATLAB. The control program attempts the stabiliza-
tion of the pendulum by using Simulink. The effectiveness of control law is verified by

numerical simulations and experiments.

Key Words : Inverted pendulum, Dynamic output feedback control
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T = Az + Biw + Bou (1)
z=Ciz + D11w + Digu (2)
y = Cox + Da1w + Dagu (3)
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@ = Agxr + Bry
{ u = Crxy + Dry ©)
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Cr = (C — DpCoX)M~T
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M(q)i+ C(q,4)q +g(q) = G(t +w).  (10)
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Fig. 1: Rotational inverted pendulum.
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MG+ K;q = G(T + w) (12)
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m=0.174, 1 = 0.5, L =0.17, R =2.6, J = 0.014
I =0.0145, Km = 0.00767, Kg =70, g = 9.8

oood

5.1 0000000000

LMI(8)DODOO~0O vy=20Case 10000 vy=6
0 Case 20 0 0 O MATLAB O LMI Control Toolbox®
D000 LMI(7)d0(8)00000000000000
D000 () 00000000 MONOLUDOOOD
00000y=20000y=60000 A4,0B,0C,0
D,0000000

-Case 10 v =200

T —0.96 046 —0.04 —0.33 —5.42
—227 —3.65 0.03 —281.58 4700.75
Ay=| 128 260 —007 19279 —3240.80 |,
037 —028 1.19 —20.79  332.10
097 —0.99 022 —0.72 0.36
[ —393.35 —393.59 1.27
—767.19 —548.67  482.72
B, = | 40597 27454 —12775.41 |,
124.81  —347.12  3807.60
569 — —844.87  440.96
T —0.017
0.026 0.078
ol = | —0004 |, DF = | 14.848 | .
0.044 2.222
2.149




-Case 20 v = 600

T —0.88 046 —0.04  0.10 —0.94
—2.16 —246 —0.11 —151.73 1311.83
A,=| 122 135 003  90.77 —796.66 |,
045 —028 118 —14.27 114.95
087 —1.05 030  —1.09 0.44
[ —274.70 —274.97  4.43
48422 —344.52 —339.65
By, = | 27291  201.60 —8951.60 |,
81.27  —233.83 —2678.83
7.94  —615.89 —468.86
r —0.009
0.018 0.141
ctf=1| —0002 |, DI =| 6957 |.
0.069 0.426
0.441
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Fig. 2: Simulation results of Case 1.
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Fig. 3: Simulation results of Case 2.
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Fig. 4: Impulse response of Case 1.
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Fig. 5: Impulse response of Case 2.
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Fig. 6: Experiment results of Case 1. 2) 0000000000000 00020010
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Fig. 7: Experiment results of Case 2. 5) P. Gahinet, A.Nemirovski, A.J.Laub and

M.Chilali ; LMI Control Tool Box, The Math

Works Inc. (1996)
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Fig. 8: Impulse response of Case 1 (experiment).
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Fig. 9: Impulse response of Case 2 (experiment).
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Fig. 10: Bode diagram of low-pass filter.



