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Stabilization controlStabilization control       
of inverted pendulum
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Introduction

Invert pendulum
e nuvo WHEEL(ZMP INC )e-nuvo WHEEL(ZMP INC.)

had no controller with d-SPACE.

•Derive equation of motionDerive equation of  motion.
•Control with d-SPACE.
•Apply some controller.
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Outline

Adapt to d-SPACEAdapt to d-SPACE
– Equation of motion
– Calibration of potentiometerCalibration of potentiometer
– LQ controller
– Filter

• LQI Controller• LQI Controller

• PID Controller
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• Conclusion
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Equation of motion(1)
: Mass of the pendulum
: Mass of the cart
: Reduction ratio of the gear
: Moment of inertia of the pendulumJp
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Cart position

)cossin()( θφθ lrlyx −+= p
: Moment of inertia of the cart
: Moment of inertia of the motor rotor
: Length between the pendulum axle 
and the gravity center of the pendulum

l
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Pendulum position
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)0()( φ and the gravity center of the pendulum
: Radius of the wheel
: Viscous Friction of the system
: Friction of the wheel axle
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Lagrange equation of motion : Torque constant of the motor
: a

KtLagrange equation of motion
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Result of Lagrange equation of motion
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Equation of motion(2)

Linearize the equation of motion with  cosθ≒1, sinθ≒θ
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Calibration of potentiometer(1)

Interpolation line
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Calibration of potentiometer(2)

Model of CalibrationModel of Calibration
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LQ Controller (1)

LQ controller P
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Quadratic evaluation function
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When J is minimum
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LQ controller (2)
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Movie
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Filter (1)
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Filter (2)

Transfer function of a filter 004.0=T 1
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Filter (3)

FilterFilterSignals of θ

Original signal
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Filter (4)
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Movie
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Outline

• Adapt to d-SPACE

LQI ControllerQ

• PID ControllerPID Controller

• ConclusionConclusion
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Servo system

φη = rd

Servo integrator
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Simulation
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Movie
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Fujita LaboratoryTokyo Institute of Technology

19

constr =
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Outline

• Adapt to d-SPACE

• LQI ControllerQ

PID ControllerPID Controller

• ConclusionConclusion

Fujita LaboratoryTokyo Institute of Technology
20

Tokyo Institute of Technology

PID controller

θPK

∫ θIK

θDK
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Simulation
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constr
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Tuned PID
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Movie
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tr ωsin3=
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Outline

• Adapt to d-SPACE

• LQI ControllerQ

• PID ControllerPID Controller

ConclusionConclusion
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Conclusion

Conclusion

Controlled inverted pendulum with d-SPACE
Applied some basic controllers

F t kFuture works

Analyze with transfer functiony
Apply another controller
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