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Stabilization of the Wheeled Inverted Pendulum with Frequency shaped LQG Controller
Development of Rapid Prototype System e-nuvo WHEEL + dSPACE for Experiment & Research

(e]

ZMPINC., e-nuvo@zmp.co.jp

We developped “WHEEL+dSPACE Package” which system can generates C Source Code by itself and control from
Logic written by MATLAB/Simulink without any hade coding. In this report, we will introduce this system and its
effectiveness , because, using this system, we could check, in comparison with optimal control, its better effectiveness by
implementing Frequency Shaped LQG.
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Fig.1 External view of the wheeled inverted pendulum
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Fig.2 Angle of the body and wheel
(Optimal Control(LQR) : Q=diag{1,15110},R=500)
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Fig.3 Modeling of the wheeled inverted pendulum

Table.1 Parameters of the wheeled inverted pendulum

Mass of the body m [ka] 0.5241

Mass of the cart

(Tire,Drive shaft,gear) k] 0.071

(&

Moment of inertia of the body b [Kg m"2]| 2.16E-03

(&

Moment of inertia of the cart [Kg m"2]| 8.63E-06

[

Moment of inertia of the motor rotor » | [Kg m"2]| 1.30E-07

Length between the wheel axle and

the gravity center of the body I (m] 0.1204

Radius of the wheel I [m] | 0.02485
Friction of the wheel axle c [kgm"2/s]| 1.00E-04
Torque constant of the motor K, [N m/A] | 2.79E-03
Reduction ratio of the gear i [-] 30
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(b) Controller model (Frequency shaped LQG)
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(b) Frequency shaped LQG
Fig.8 Experiment Result
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Fig.9 Experiment Result
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(b) Frequency shaped LQG
Fig.10 FFT of Experiment Result

e-nuvoWHEEL
PID

PID

Simulink

PID 90%

e-nuvoWHEEL
LQG

WHEELx dSPACE

WHEELx dSPACE

5.
LQG
LQG
WHEEL x dSPACE
Japan
WHEELx dSPACE
CPU
MATLAB/Simulink 1)
2)

dSPACE

" ,2007
“ MATLAB
1998



