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Abstract

In this paper, a fault evaluation method is
proposed, which is to determine whether analog
electronic circuits are faulty or not. in our method,
evaluation characteristics of an expert test engineer
are defined by means of directed graphs. By
performing a multi-stage fuzzy inference based on the
graphs, novice test engineers can derive a fault
evaluation result satisfied by the expert. The
effectiveness of our method is checked by some

experiments for an amplifier circuit.

1. Introduction

It is very difficult to determine whether analog
electronic circuits are faulty or not, because even if a
circuit element is not damaged fully and has a value,
which is different from the one of the unfauity circuit,
the circuit may work well in many cases. The difficulty
makes it more difficult to diagnosis analog electronic
circuits[1,2]. Thus until now, analog circuits have been
diagnosed by only a small number of expert test
engineers. Since it has been demanded to implement
high reliatle analog circuits, it has been strongly
requested to develop a fault evaluation method.

The difficulty in the fault evaluation of analog
circuits is caused by the existence of some fuzziness
in the criterion of judgment for determining whether the
circuits are faulty or not. A fault evaluation problem can
be formalized as a subjective evaluation problem.
fuzzy

Therefore, it may be solved by using

measures[3,4]. However, since there are many factors
that effect on the final evaluation result, they are not
applicable to many fault evaluation problems of analog
electronic circuits. Therefore, in this paper, we propose

a new fault evaluation method.

2. Fault Evaluation Method
2.1 Philosophy

Our goal is to develop a fault evaluation
method, with which the productivity of analog circuit
tests can be made to improve. Until now, analog
circuits have been diagnosed by expert test engineers.
Therefore, we attempted to develop a method, with
which novice test engineers can derive an evaluation
result satisfied by an expert test engineer. If the fault
evaluation characteristics of an expert test engineer
are stored in a test system by using our method, a test
engineer can obtain a fault evaluation result only by
answering questions provided from this system.

Generally, a result obtained by evaluating what
degree the circuit is fauity is different from the one
obtained by evaluating what degree it is unfaulty. By
providing both results, it can be expressed more
precisely what extent the circuit is faulty. Therefore, uri
and puni, which are the evaluation results of the i-th
evaluation factor obtained by evaluating what degree
the factor is unpreferable and preferable, respectively,
are derived for all factors by our method. After that,
both urr and pnt as final evaluation results are derived

with the uri's and the uni's, where usr and unt are the
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results obtained by evaluating what degree the circuit
is faulty and is unfaulty, respectively.
2.2 Evaluation Graph

There are many evaluation factors which have
an effect on prr and/or unt. They are classified into 2
kinds of factors; ones are factors whose evaluation
characteristics of an expert test engineer can be
defined with membership functions and the others are
factors whose evaluation results can be obtained from
other factors. The former factors correspond to the
ones concerned with the circuit specifications of a
circuit under test(CUT). For example, in a fault
evaluation problem of the circuit in Fig.1, an evaluation
characteristic curve for the voltage gain can be defined
by a membership function. On the other hand, an
evaluation result on the frequency response can not
be determined with any membership functions. It can
be obtained from evaluation results on the lower cut-off
frequency(fL) and the higher cut-off frequency(fH). The
relations among factors can be defined by a directed
graph as shown in Fig.2. For many other circuits, these
relations can be defined with such graphs, which are
referred to as "evaluation graphs” in this paper.

If the functions of a CUT are not performed fully,
the circuit can he determined as a faulty one. Even if
the functions are performed fully, the circuits, whose
good performances are not obtained, can not be
determined as an unfaulty circuit. Thus, both urr and
pnt depend on whether the required functions of the
circuit are performed, and/or whether the expected
performances are obtained. That is, final evaluation
results are determined by the evaluation results on the
functions and the performances. Therefore, at the top
level of our evaluation graph, the relation among them
is defined as shown in Fig.2.

Some functions and performances of analog
circuits can be defined in detail by other factors. For
example, the factor on the frequency response of the
circuit in Fig.1 can be defined with f. and fu. Therefore,
arrows from fu and fu to the frequency response are
drawn in the evaluation graph, which are used for

expressing the inference relation.
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Fig.1 Ampiifier circuit(CE Amp.).
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Table 1 Meanings of abbreviations in Fig.2
in the derivation process of prr

Abbreviation Meaning

Func.#i |The i-th function is abnormal.

Porf. #i The |Tth‘performance is beyond the
permissible range.

Char#i |The i-th characteristic is abnormal.
- = — " of

Spec. #i Thei th' specification does not satisfy
the design request.

Table 2 Meanings of abbreviations in Fig.2
in the derivation process of pen

Abbreviation Meaning
Func.#i [The i-th function is performed.
Perf. # |Required i-th performance is obtained.
Char#i [Required i-th characteristic is obtained.
. |The i-th specification satisfies the
Spec.#i .
design request.

The process to make more detail the functions
and the performances will be continued until all the
circuit specifications are connected to any factors. As
the result, our evaluation graph consists of 3 kinds of
hierarchy levels as shown in Fig.2. In evaluation
are described, whose

graphs, only keywords

meanings are shown in Table 1 and 2.
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Generally, an evaluation graph for urr is
different from unt. Therefore, two graphs are defined in
our method, that is, one for urr and the other for unr.
2.3 Inference Based on Evaluation Graphs

When an evaluation result of a factor is obtained
from other factors by using such an evaluation graph, it
should be considered the difference of the importance
among the factors. For example, the circuit in Fig.1 is
an amplifier circuit. Thus, the evaluation result of the
amplitude characteristic has more effects on the final
evaluation results than the power dissipation
characteristic. Therefore, for each factor, a weight (wi,
0<wi<1) is defined in our method.

When ur is derived from other evaluation
results, an additional effect should be considered. The
effect depends on the degree of distinction among the
factors and on the importance of the evaluation. Our
method can not always derive the exactly same
evaluation result as the one of expert engineers, since
our method is an approximate implementation of their
evaluation mechanisms. Therefore, our method
derives a greater evaluation result than the expert, so

that faulty circuits can not be determined as unfaulty.

When a factor C is determined from the
evaluation results of factors A and B, the evaluation
result prc is derived by using Eq.(1).
trom f Warat(1-kag)*(1-WastEA)*WBlFB, if UFAZLFB

| WernFe+(1-kag)*(1-WernFe) WA ira, if nFa<iFs
where
ura and pre are evaluation results of A and B,

respectively, wa and ws are the weights of A and B,
respectively, and kaB (0<kaB<1) is a coefficient for
expressing the degree of the additional effect.
In Eq.(1), kaB is determined by considering the
similarity between A and B, that is, what extent they
express the same characteristics of the circuit. If the
factor A is independent of the factor B, kasis set to 0.
In many cases, urr can be determined by an
evaluation result of only a factor. For example, when uri
of the voltage gain in Fig.1 is extremely large, the

circuit can be determined as a faulty one. Therefore, in

our method, ari, which is the upper bound of usd, can

be defined for each factor, and if ur>ari for a factor, per

is set to be 1. If uri is less than the upper bound for all

factors, prr is derived by using the evaluation graph.
For unt and uni, any additional effects are not

used in our method. They are calculated by the same
method as in [5,6]. For each factor, an, which is the
lower bound of unj, is specified. If un>an; for all factors,

uni is calculated by using a convex fuzzy decision with
weights. Otherwise, the minimum value is used as uni,
as shown in Eq.(2).

Np Np

j; (WjruN) /j; Wi,  pnongfor Vi

BN= @)
min(uny, Otherwise

where Np is the number of factors, which are used for

determining uni.

3. Fault Evaluation of Amplifier Circuit

Fig.3 shows evaluation graphs used in our fault
evaluation experiments on the circuit in Fig.1. The
performances of the circuit are obtained by using
PSpice[7]. In our experiments, R1 in Fig.1 is changed
from O to 400kQ. The results are shown in Fig.4. Also,

in order to check the effectiveness of our method, we

derived fault evaluation results by using A-fuzzy
measure, which are shown in Fig.5

From Fig.4, it is found out that the evaluation
results of our method can satisfy the criterion of

judgment of expert test engineers. However, as shown
in Fig.5, the evaluation results obtained by using A-
fuzzy measure can not satisfy it. For example, unt is not
0 for the larger values of R1, and there exist
unacceptable changes in the curves of both prr and
unt for the smaller values of R1. Furthermore, in our
method, it is easier to define the evaluation
mechanism of an expert than the method, since the
number of factors, among whose evaluation
characteristics should be defined, can be decreased

by using evaluation graphs.

—1404—



4. Conclusion

A fault evaluation method is presented in this
paper, in which evaluation mechanisms of an exper
test engineer are defined by means of directed graphs.
By using the graphs, a fault evaluation result is
derived, which is satisfied by the expent. It is found that

the method is more suitable for the evaluations than

the method based on A-fuzzy measure, by performing

some fault evaluations of an amplifier circuit.
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Fig.3 Fault evaluation graph for CE amplifier circuit
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for the circuit in Fig.1.

Fig.5 Evaluation results obtained by using fuzzy measure.
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