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Reinforcement learning control of four degree of freedom inverted pendulum
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ARTICLE INFORMATION ABSTRACT

In this paper, a robust linear quadratic regulator (LQR) based Reinforcement learning method is
designed for a four degree of freedom inverted pendulum. The considered system contains a four degree
of freedom inverted pendulum with a concentrated mass at the tip of it. The bottom of inverted
pendulum is moved in x — y plane in x and y directions. For tracking control of two angles of inverted
pendulum, two plane forces are applied in x and y directions at the bottom of pendulum. The governing
equations of the system are derived using the Lagrange method and then a robust linear quadratic
regulator (LQR) based Reinforcement learning controller is designed. The inverted pendulum is learned
for a range of different angles, different lengths and different masses. The parametric uncertainties are
defined as various lengths and masses of inverted pendulum and the disturbances are defined as impact
and continuous forces which are applied on the inverted pendulum. After learning, the controller can
learn online the system for any arbitrary angle, length, mass or disturbance which are not learned in the
defined range. Numerical results show that the good performance of the reinforcement learning
controller for the inverted pendulum in the presence of structural and parametric uncertainties, impact
and continuous disturbances and sensor noises.
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Fig.1 Schematic of four degree of freedom of inverted pendulum with
concentrated mass
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! Adaptive fuzzy controller

2 sliding mode controller

¢ PID controller

* Nonlinear controller

® Fuzzy controller

® Fuzzy parallel distributed compensation controller
’ Takagi-Sugeno

® Predictor-based control

® Nested saturation

10 Back stepping
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Fig.2 Vector position of center of masses and coordinate of inverted
pendulum with concentrated mass
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c) System response for the zero amount of the initial angle and the large
amount of initial displacement of the bottom of pendulum
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Fig.3 Time response of Reinforcement learning controller and LQR
controller for two-degree of freedom inverted pendulum for different
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a) System response for the average amount of initial angle and initial
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b) System response for the large amount of the initial angle and the zero
amount of initial displacement of the bottom of inverted pendulum
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a) The response of the system to the impact force in the x and y
directions
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b) The response of the system to the impact force in the 6 and ¢
directions
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Fig.6 Time response of Reinforcement learning controller and LQR
controller for four-degree of freedom inverted pendulum for impact
disturbance
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b) System response to the increasing of concentrated mass
L=35cm,Ml =150g,M =160g
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Fig.4 Time response of Reinforcement learning controller and LQR
controller for four-degree of freedom inverted pendulum for parametric
uncertainties
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Fig.5 Time response of Reinforcement learning controller and LQR
controller for four-degree of freedom inverted pendulum for structural
uncertainty
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Fig.8 Time response of Reinforcement learning controller and LQR
controller for four-degree of freedom inverted pendulum for sensor
noises
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a) The response of the system to the non-impact force in the x and y
directions
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b) The response of the system to the non-impact force in the 6 and ¢
directions
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Fig.7 Time response of Reinforcement learning controller and LQR
controller for four-degree of freedom inverted pendulum for continuous
disturbance
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