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The parametric fault diagnosis techniques hold an
important part in the field of analog fault diagnosis.
These techniques, starting from a series of measurements
carried out on a previously selected test point set, given
the circuit topology and the nominal values of the
components, are aimed at determining the effective
values of the circuit parameters by solving a set of
equations nonlinear with respect to the component values.
Here the role of symbolic techniques in the automation of
parametric fault diagnosis of analog circuits is
investigated. Being in fact the actual component values
the unknown quantities, symbolic approach results
particularly suitable for the automation of parametric
fault diagnosis techniques, as shown, for example, in [1].
Obviously all thisis applicable to linear analog circuits or
to nonlinear circuits suitably linearized. On the other
hand, present trend is moving as much as possible to
techniques of design that lead to linear analog circuits, so
thisis not a so serious restriction [2].

It is important to note that in the analog fault
diagnosis two phases can be considered: the first one is
the phase of testability analysis and ambiguity group
determination, while the second one is the phase of fault
location. Testability gives theoretical and rigorous upper
limits to the degree of solvability of fault diagnosis
problem once the test point set has been chosen,
independently of the method effectively used in phase of
fault location. For what concerns ambiguity groups, they
can be considered as sets of circuit components that, if
considered as potentially faulty, yield an undetermined
system. For the testability evaluation problem symbolic
approach is a natural choice, because a circuit description
made by means of equations in which the component
values are the unknowns is properly represented by
symbolic relations. Also for ambiguity group
determination symbolic approach gives excellent results,
as reported, for example, in [3].

For the fault location phase several different
approaches can be used and all of them can be considered
as an optimization problem, because, starting from
measurements carried out on the circuit under test, the
component values better fitting them have to be
determined. Generally symbolic techniques are suitable

for optimization problems, because the relations required
by specific optimization strategies are easily generated
using symbolic methods.

To this end three different methodologies were used
by authors during last few years, based on Newton-
Raphson type algorithms, neural networks and genetic
algorithms, and a comparison has been made by means of
programs developed for this goa [1,4-5]. In all the three
cases the quite realistic hypothesis of bounded number of
faulty components (k-fault hypothesis) is made, taking
into account component tolerances.

The results of comparison can be so summarized: if
frequency domain measurements are considered,
symbolic approach can give good results with both a
Newton-Raphson type agorithm and a hybrid neural
network approach [5]. However good results are obtained
also with a neural network approach based on time
domain measurements, without using symbolic network
functions [4]. On the other hand, genetic algorithms
based on the use of symbolic network functions and
frequency domain measurements are very slow and, then,
they are not advantageous.

[1] G. Fedi, R. Giomi, A. Luchetta, S. Manetti, M. C.
Piccirilli, “On the application of symbolic techniques to
the multiple fault location in low testability analog
circuits’, |IEEE Trans. on Circ. and Syst. — 11, vol. 45, n.
10, October 1998, pp. 1383-1388.

[2] M.L. Bushnel, V.D. Agrawal, “Essentials of
Electronic Testing”, Kluwer Academic Publisher, 2000.
[3] G. Fedi, R. Giomi, A. Luchetta, S. Manetti, M. C.
Piccirilli, “Symbolic agorithm for ambiguity group
determination in analog fault diagnosis’, in Proc. of Eur.
Conf. on Circuit Theory and Design (ECCTD’97),
Budapest, Hungary, August 1997, pp. 1286-1291.

[4] G. Fedi, S. Manetti, M. C. Piccirilli, “Comments on
Linear circuit fault diagnosis using neuromorphic
analyzers’, |[EEE Transactions on Circuits and Systems-
I1, vol. 46, n. 4, April 1999, pp. 483-485.

[5] G. Avitabile, B. Chellini, G. Fedi, A. Luchetta, S.
Manetti, A neural architecture for the parameter
extraction of high frequency devices, Proc. 2001 IEEE
ISCAS2001, Sidney, May 2001.

TEEE .2

COMPUTER
SOCIETY

Proceedings of the 2002 Design, Automation and Test in Europe Conference and Exhibition (DATE’02)
1530-1591/02 $17.00 © 2002 IEEE



