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A Validity Verification of Human Enror Probability using a Fuzzy Model
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Abstract : Quantification of error possibility, in an HRA process, should be performed so that the result of the
qualitative analysis can be utilized in other areas in conjunction with overall safety estimation results. And also, the
quantification is an essential process to analyze the error possibility in detail and to obtain countermeasures for the
errors through screening procedures. In previous studies for the quantification of error possibility, nominal values
were assigned by the experts' judgements and utilized as corresponding probabilities. The values assigned by experts'
experiences and judgements, however, require verifications on their reliability. In this study, the validity of new error
possibility values in new MCR design was verified by using the Onisawa's model which utilizes fuzzy linguistic
values to estimate human error probabilities. With the model of error probabilities are represented as analyst's estima-
tions and natural language expression instead of numerical values. As results, the experts' estimation values about error
probabilities are well agreed to the existing error probability estimation model. Thus, it was concluded that the occu-
rrence probabilities of errors derived from the human error analysis process can be assessed by nominal values suggested
in the previous studies. It is also expected that our analysis method can supplement the conventional HRA method because
the nominal values are based on the consideration of various influencing factors such as PSFs.

Key Words : human error probability, fuzzy, linguistic value, Onisawa model
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Table 1. Nominal value of conditional probability and assign-
ment criteria®”

Nominal
value

0.5

Criteria of nominal probability

The occurrence possibility is recognized in most cases

0.1 ) The occurrence possibility is partially acknowledged

0.01 |The occurrence is possible but its probability is low
0.001 |The occurrence is possible but its probability is negligible
0.0001 [Almost impossible
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Table 2. Natural language expression of reliability estimation
and comresponding parameter xp ="
Parameter x

(Representative
Value)

Expression of

Class g eliaility Estimate

Bounds of HEP

(Human operator has)

no reliability

09 ~1.0 (095) 6.13E-02~1

low reliability 0.7 ~0.9 (0.8) 1.25E-02 ~6.13E-02
rather low reliability 0.55~0.7 (0.625) 4.37E-03~1.25E-02
standard reliability 0.45~0.55(0.5) 2.01E-03 ~4.37E-03
rather high reliability 0.3 ~0.45(0.375) 4.51E-04~2.01E-03

very low reliability

oI - Y IR - N

high reliability 02 ~03 (0.25)  9.89E-08~4.51E-04
quite high reliability 0.1 ~0.2 (0.15)  5.65E-06~9.89E-05
extremely - -

9 high reliability 0.05~0.1 (0.075)  1.90E-07~5.65E-06

(Human error is)

10 next to impossible 0.0 ~0.05(0.025) ~1.90E-07

11 impossible
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Table 5. Calculation result of xo for nominal values

Table 3. General guideline for estimatina uncertainty bounds Parameter xp Class and xo
for estimated error probability'® Class|  pL~pU (pM) (Representative value of
Error probability Lower bound (p;) | Upper bound (py) value) Table 2
0.01 < pu pul 5 2% py~5 % py ¥ 0.1~1.0(0.5) 0.89~1.0 (0.99) g‘fl%
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pu < 0.001 pu ! 10 10 % pyr 2 0.02~0.2(0.1) 0.62 ~0.96(0.89) 0.55~0.9
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Table 4. Estimation result of lower and upper bound for the 0.3~0.55
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Probability
Fig. 1. Comparison of two x; values by conventional and
nominal probability value.
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Table 6. The relationship between nominal value, xp, linguistic
value, and the meaning of nominal value

Linguistic
value

Nominal

Criteria of nominal value
value

X

The occurrence
possibility is recognized
in most cases

N very
0.5 |0.89~1.0(0.99) low reliability

The occurrence

0.1 [0.62~0.96(0.89)( low reliability | possibility is partially

acknowledged
standard The occurrence is
0.01 |0.33~0.69(0.5) reliability possible but its

probability is low

The occurrence is
possible but its
probability is negligible

0.001 [0.15~0.33(0.23) | high reliability

quite or
extremely
high reliability

0.0001 ]0.06~0.23(0.11) Almost impossible
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