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Nonlinear Characteristics of an Operator Behavior during Stabilizing Control
of an Inverted Pendulum on a Cart.
(Fuzzy ldentification of Individual Difference and SKill Up Process from
Experimental Time Series Data and Fuzzy Control Simulation)

U ddoobodgbdodgod

Yoshihiko KAWAZOE, Saitama Institute of Technology,1690 Fusaiji,Okabe,Saitama

There seem to be few studies and a humber of unclarified points regarding the nonlinear human behavior
in the man—machine system with an inherently unstable system as well as in the learning process with
difficult control objects. This paper tries to identify and simulate the individual difference and skill up
process of human behavior utilizing fuzzy reasoning to investigate in detail and extensively the nonlinear
characteristics of human operation in the stabilization of an inverted pendulum mounted on a cart.

Key Words:Dynamics of Machinery,Manual Control,Stability,Fuzzy ldentification,Fuzzy Control, Stabilizing
Control, Inverted Pendulun,Nonlinear Phenomenon,Chaotic Behavior,Human Operator,

Individual Difference, Skill Up Process
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Fig.1 Measured wave forms of pendulum angle, cart displacement, and force.
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(a) Rule for control of a pendulum on a cart
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Fig.4 Simulated results with identified control rules from manual control data using fuzzy reasoning.
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Fig.5 ldentified fuzzy rules from manual control data for stabilizing control of an inverted pendulum on a cart.
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Fig.6 Maximum Lyapunov Exponent.
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Fig.7 Ratio of entropy against maximum entropy.
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