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Chaos-Entropy Analysis and Acquisition of Individuality and Proficiency during Manual Stabilizing Control
of an Inverted Pendulum on a cart: Comparison of a Fuzzy Controller and a Neuro Controller as an Identifier

O E g (EWETKR)

ANES EETR)

KHEEE BRTZ)

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

Keisuke ISHIKAWA, Saitama Institute of Technology

Tomohiro OHTA, Sakamoto Industry Co.,Ltd., Bessho-Cho 292, Ota City, Gunma

This paper tried to identify the individual difference and the proficiency of human operator’s behavior from time series data by using fuzzy
controller and neural controller acquiring individual skill and proficiency of human operator. The operators in the experiment are skilled to some
extent in stabilizing the inverted pendulum by training, and the data of ten trials per person were successively taken for an analysis, where the
waveforms of pendulum angle and cart displacement were recorded. The maximum Lyapunov exponents were estimated from experimental
time series data against embedding dimensions. The identified fuzzy controller and neural controller from time series data of each trial of each
operator showed well the human-generated decision-making characteristics with the chaos and the large amount of disorder. The estimated
degree of freedom of motion increases and the estimated amount of disorder decreases with an increase of proficiency both in the simulations
with identified fuzzy or neural controllers and the experiment. It also showed that the fuzzy controller is good for identification of initial stage
and the neural contoroller is good for that of proficient stage of skill up process.
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Table 1 Number of success in identification of stabilizing
control using Fuzzy controller.
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Fig.12 Trials vs. number of success in identification of
stabilizing control using Fuzzy controllers.
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Fig.15 Proficiency of Operator OT from 1st ( OTO01) to 10th trial ( OT10) (Measured and the Neural control simulations).
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Fig.16 Simulated waveform using identified Fuzzy controller vs. measured waveform.
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