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A Study on Reliability for Crane Handler with Human Errors

Seoung-Ho KIM

Department of Logistics Engineering,
Graduate School of Korea Maritime University

Abstract

The accidents such as at Chernobyl and Bhopal den®nstrated unequivocally the
importance of considering human error in highek ggstems. For any existing plant, or
new one being designed, it is importance to trgdsess the likelihood of such accidents
and prevent them from occurring. This requiresdhgessment of the impact of human
errors on system safety and, if warranted, theipation of ways to reduce human error
impact and/or frequency. For generic approach $sessment of human error, there are
three goals, namely: the human error identificat®first step to reduce human error in
higher risk systems. The second step can providetidication of error which might be
needed to construct a safety case. The final stiplevelop error data-bases to reduce
human error.

Interest in modeling the behavior of a human asaetive feedback control device
began during Word War I, when engineers and pdggisis attempted to improve the
performance of pilots, gunners, and bombardiers. design satisfactory manually

controlled systems many researchers began analffzngeuro-muscular characteristics



of the human operator. Their approach was to censide human as an inanimate
servomechanism with a well-defined input and output

Over the years, the evolution of the control-thepayadigm for the human controller
or operator paralleled the development of new sgithtechniques in feedback control.
Thus, "optimal control models"(OCMs) of the humapertor appeared as linear
quadratic Gaussian (LQG) control system design nigcies were being developed.
"Fuzzy controller" models and "H infinity" modelsf the human operator closely
followed the appearance of these design techniques.

Recently, a human operator (HO) dynamics have pegposed to describe the human
operation model in manual tracking tasks. The mdde been derived through the
application of classical and modern control theorytime-series analysis. Structural
isomorphic models were the result of applying dtagdscontrol theory. These models
seek to account for many of subsystem charactevisfithe human operator by assigning
transfer functions to the different subsystems Ive@. These subsystems and their
interconnections are postulated on the basis dadiplogically isomorphic considerations.

Especially, the application of the time-series gsial to this problem was first
introduced by Shinners who developed autoregresawang-average (ARMA) models
of data collected from human operators involvedampensatory tracking experiments
using band limited white noise inputs (bandwidtis#iz). In this result, all operators
exhibited a time delay 0.2s and the discrete tman$dinctions that represent their
dynamics had one zero and two poles. Based onnhlysis of model residuals, he
concluded that the human operator is a generatseasonal (rhythmic) characteristics
during tracking of random inputs.

On the other hand, Charles 1980 and Malek 1988lolese a transfer function model
from input-output data collected from a HO duringttb compensatory and pursuit
manual tracking experiments. In their experiméng unpredictable inputs, formed by

the addition of five sinusoids, were used. Thet firad a low-frequency range (0.04-0.8
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Hz) and the second had a high-frequency range Q48 Hz). For the low frequency
range, they were able to fit a transfer functiothwivo poles and no zeros, while a
transfer function with two poles and one zero adégjy fitted the high-frequency range
input-output data. Analysis of model residuals sedwo sign of rhythmic characteristics
that were observed earlier by Shinners.

In this thesis, we will apply to input-output datd human operator involved in
transport of container by using the time-seriedyais specifically ARX modeling. Our
aim is to provide a simple model which use to gfamariations in the HO dynamical
behavior in transport of container following givpaths, this is a kind of manual tracking
tasks. The input data of human operator are reterpath, and the state of gantry crane
(the position of trolley, the sway angle, and teegth of cable; and also the first order
and the second order of differentiating of theages). The output data of human operator
are two angles in horizontal and vertical handieshe joystick which proportionate with
the forces on trolley and cable, respectively.

First, we propose a human model for analysis fondmuwork pattern or human fault,
where a gantry crane simulator is used to surveyptoperty of human operation. From
the input and output of gantry crane response, \akemra human operation model by
using conventional ARX identification method. Fafemtify the human model, we
assume the six inputs and two outputs. By usingrthat/output data, we estimate the
parameters of ARX of the human system model. Foifywéhe proposed method, we
compared the real data with the modeled data, wiheee kinds of work trajectory path
are used.

Second, we deal with an observer design for deggcthe human faults in
container crane operation, where an observer faectrg the human faults was
proposed and the existing condition for the obsemas shown. In this case, we
assume that the human faults can be considered earetess mistake during the

crane operation. In simulation, we used the previgesults for human work

- vii =



model and design the observer for the human worklemoAs a simulation results
with human faults, the proposed observer can deteet human faults perfectly,
thus the efficiency of proposed observer is shown.

Lastly, we proposed an reliable improvemerbcedurefor control the gantry
crane with human operation. In here, the contrgluinfor gantry is compensated
by human errors, where the human errors are ddteatel isolated by previous
observer design results. In simulation, we verifyatt the constructed reliable
control procedure for gantry crane system can imgréhe total human-machine

operation system.
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Alphonse Chapanis(1978) <119 5S4 59 9 Ao #3 FEE 7| A,
dnl, 3739 AA A Al F&aA ket A E&Ad AA Ag et
A 3t Aoz 7A9 23 JF #AE WEE Zolg 3o, Ernest. J. Mc
Cormick(1987 WA= QIzte] 714U =& AT A fol 7ls9 Al=d
Ty, F2 KoReE 499 FAS A, AAA s AP dt=
7re] wstolela 8F¢la, W. E. Woodson(1964) -1 A1 x| =&l o] 2] 55 o]
FHEA 4F NAARE AATE o= q7led= AR FAHILU A
oA = EFFE ook Frhal sk
ArF e E 714 #HEH S0 AHRA nIg v ES 9@ oA =

o

¢

Human Factot £ol& AF&3A9 olgfd WA 9o Human Factors
Engineering, Engineering Psychology, Applied Expemtal Psychologys S 2~11
A3 ol A= Ergonomicst= &0 & F8&37]% $rl. Ergonomicst= H 9
o4& wethw #¢](Ergon)l ¥ = (Nomospl & 72 a4 & 4 gt} of
o ol A Zol & F %ol Uxto] AU = o2 7HA £ =S A5
ool Wi #73& AT = otk

ISO(International Standard Organizatiba) A= ¢17+e] A7, oA, B4, 2¢]

1) Ergonomics produces and integrates knowledge frbe Human sciences to match jobs,
system, products the environments to the physicad mental abilities and limitations
of people. In doing so, it seeks to improve healtifety, well-being and performance.
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Cacciabue 1988).
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Estimated Human Faults for Trolley Operation
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Error between Normal case and obnormal case
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<719 4-5> Error Between Normal Case and Abnormal Case
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