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Commentary

Failure-oriented-accelerated-testing (FOAT) [1] has been
suggested as part of the probabilistic-design-for-
reliability (PDfR) concept several years ago in application
to microelectronics reliability assurance [2]. It has been
argued that when reliability of a material or a device is
critical, it has to be quantified to be assured, and, because
nothing is perfect, such a quantification should be done on
the probabilistic basis [3]: the difference between a highly
reliable product or a system and an insufficiently reliably
one is “merely” in the level of their never-zero probability
of failure. The concept of the probabilistic predictive
modeling has been recently applied to various “human-in-
the-loop” problems in engineering: the need of assuring
adequate performance of both
equipment/instrumentation and humans is particularly
imperative in this area of human activity [4]. It has been
recently suggested that flight simulator can be employed
as an appropriate test vehicle that could be used to
quantify, on the probabilistic basis, the required level of
the human capacity factor (HCF) with respect to the
expected mental workload (MWL) during fulfillment of a
particular aerospace mission or when encountering an
extraordinary/off-normal situation [5]. The general point
is that in any significant ergonomics effort an appropriate
accelerated test vehicle (ATV) and FOAT should be used if
there is intent to predict the outcome of an important
ergonomics effort. Let us show, as an example, how this
could be done.
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In accordance with one of the modifications of the double-
exponential-probability distribution function (DEPDF)
[6], the probability of non-failure of a human, when
fulfilling a particular mission/task, can be sought in the

form:
P= exp{— AM., exp(— gﬂ (1)

Here F is the HCF, a long-term characteristic of the
performer under test (a detailed description of which
human qualities should/could be included into this factor
could be found in [7]),G is the MWL ([8]), t is time, M
is the measured (monitored) parameter of human
performance during the accelerated test, it’s between M.,
value is an indication of a failure/error, and y is the
sensitivity factor that should be evaluated during the
adequately designed, organized and conducted FOAT on
an appropriate test vehicle (such as, say, flight simulator).

It is assumed that the formula (1) is valid for both the
accelerated testing and in the actual operating conditions.

From (1) we obtain:
H (P)

P (2)

dt t
where H(P) = PInP is the entropy of the distribution
(1). Thus, the function (1) reflects the underlying
rationale behind this distribution: the distribution (1)
reflects an assumption that the change of the probability
of non-failure with time is proportional to the entropy of
this distribution and is inversely proportional to time.
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When conducting a FOAT aimed at the evaluation of
the sensitivity parameter y, one should bring together a
group of more or less equally (preferably highly) qualified
individuals, and proceed from the fact that the HCF is a
long-term characteristic that remains unchanged for
these individuals during the relatively short FOAT time.
The MWL, on the other hand, is a short-term
characteristic that can be tailored, in many ways,
depending on the anticipated MWL conditions during
accelerated testing.

Solving the equation (1) for the HCF F, the following
condition can be obtained:

-G In(ﬂj =F =Const., (3)
v

where

=——0!. (4
" tM.. @

Let the FOAT is conducted at two MWL levels, G1 and
GZ, and the criterion M. was observed and recorded at
the times of {; and t, for the established percentages of

P, and P, of individuals who did not fail during the test.
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HCF of the individuals that underwent the accelerated
testing can be determined, in accordance with the formula

(3),as
F=-G In(ﬁj =-G, In(&} (6)
4 4

Note that the HCF F value is analogous in a way to
the activation energy in the Arrhenius equation in the
kinetic theory of chemical reactions, and the MWL G is
analogous to the thermal energy, calculated as a product
of Boltzmann constant and the absolute temperature.

Let, e.g., the same group of individuals was tested at
two different MWL levels, Gl and Gz, until failure
(whatever its definition and nature might be), and let the

G
load ratio was —2 = 2. Because of that the time to failure
1
(TTF) was considerably shorter and the number of the
failed individuals was considerably larger, for the same

M. level (say, M. =120), in the second round of tests.

Let, eg, P, =0.8, P, =05 t, =2.0h, and t, =1.5h.
Then

Then the condition (3) enables to obtain the following ) =— Ink =— In0.8 =9.2976x107*,
formula for the y value: t,M. 2x120
G InP, In0.5 4
Inn, ——*1Inn n,=— =— =38.5082x107",
2T g, 2 t,M.  15x120
yEeXp (g | () _
_ 1 and the formula (5) yields:
G,
G,
Inn, ——=Inn, ) 4
G, In38.5082x10™" —0.5In9.2976x10
V =€exp G =€exp =0.015948
1-> 1-05
G,

Then the equation (1) can be written as follows:

P= exp[— 0.015948120t exp(— gﬂ = exp{—1.9138t exp(— gﬂ
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The calculated probabilities of non-failure for a mission 2.
lasting for, say, 48h are as follows (Table 1):
3.
F
i~ 4,
Glso|60|70]801]90|100|11.0[12.0|13.0
= 0.538(0.796|0.919|0.969|0.988(0.995(0.998(0.999|0.999 5
5 4 6 7 7 8 5 4 8
Table 1: Probabilities of non-failure.
. . , 6.
Thus, in this example, the HCF should exceed considerably
the MWL to make the probability of the human non-
failure high enough.
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