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Nonlinear Characteristics of an Operator Behavior during Stabilizing Control

of an Inverted Pendulum on a Cart.

(Neuro Identification of Individual Difference and Skill Up Process from Experimental

Time Series Data and Neuro Control Simulation)
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Yoshihiko KAWAZOE, Saitama Institute of Technology,1690 Fusaiji,Okabe,Saitama

Tomohiro OHTA, Sakamoto Kogyo
Kohichi

ENOMOTO, Saitama Institute of Technology

O 0O 0O O There seem to be few studies and a number 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 neural network to investigate in detail and extensively the nonlinear
characteristics of human operation in the stabilization of an inverted pendulum mounted on a cart.

O O O Key Words:Dynamics of Machinery,Manual Control,Stability,Neuro Identification,Neuro Control, Stabilizing
00000000 Control, Inverted Pendulun,Nonlinear Phenomenon,Chaotic Behavior,Human Operator
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Fig.1 Experiment situation
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Fig.2 Multilayer fedforward Neural network for
identification
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Fig.3
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Identification system for a human operator using a neural network
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MX — (mLcosP)d + u, X + (mLsin@)o? = F
—(mLcos9) X + 14 + u,6 = mgLsined
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(b) Simulation of stabilizing control (b) Simulation of stabilizing control (b) Simulation of stabilizing control

with neural controller identified
from human operator
Fig.4 Pendulum angle® and cart
displacement X(NKO01)

with neural controller identified
from human operator
Fig.2 Pendulum angle® and cart
displacement X(NKO05)

with neural controller identified
from human operator
Fig.6 Pendulum angle® and cart
displacement X(NK10)
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Fig.7 Maximum Lyapunov exponent
vs.embeding Dimension(NKO01)
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Fig.8 Maximum Lyapunov exponent
vs.embeding Dimension(NKO05)

Fig.9 Maximum Lyapunov exponent
vs.embeding Dimension(NK10)
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Fig.10 Identified interconnection weights and threshold offsets from measured time series data(3 times learning) (NKO01)
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Fig.11 Identified interconnection weights and threshold
?ffsets)from measured time series data(10 times learning)
NKO05
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(a)stabilizing control by human
operator
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(b)Simulation of stabilizing control with neural controller
identified from human operator
Fig.12 Pendulum angle® and cart
displacement X (OTO01)
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Fig.13 Maximum Lyapunov exponent vs.embeding
Dimension(OT01)
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Fig.12 Identified interconnection weights and threshold
?ffsets)from measured time series data(10 times learning)
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Fig.15 Identified interconnection weights and threshold
offsets from measured time series data(17 times learning)
(OT01)
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