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Abstract

A new soft-fault diagnosis approach for analog circuits with parameter tolerance is proposed in this paper. The
approach uses the fuzzy nonlinear programming (FNIdhcept to diagnose an analog circuit under test
guantitatively. Node-voltage incremental equationscasstraints of FNLP equation, are built based on the
sensitivity analysis. Through evaluating the parameters deviations fronolthi®rs of the FNLP equation, it
enables us to state whether the actual parameters are within tolerance ranges or some comptmdiyts are
Examples illustrate the proposed approach and shafféstiveness.
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|. Introduction

Since the 1970's, with the rapid development of electric industry, testing and diagnosis
play an important role for the development of the industry. It is estimated that testing can
account for up to 30% of the total manufacturing cost [1] in 1993. In [2], it is reported that
95% of the test cost in mixed-signal circuits is expended in testing the analog parts.
Therefore, the research on the diagnosis of analogue circuit has become one of hot topics.
Many methods have been proposed for fault diagnosis in analogue cireti&. [8mong all
those methods, linear programming is one of them. Reference [5] uses a linear programming
technique to isolate the elements most likely to be faulty under the limited definition of an
error parameter for every network element. Reference [6] utilized; therm to isolate
possible faulty elements and the linear programming as a solving tool. In [7], a new method
based on linear programming is described for calculating the ranges of values in the diagnosis
equations. Two related algorithms-f employ mini-max linear programming techniques to
generate DC and AC tests to detect structural faults. Reference [10] extends the method in [6]
to nonlinear circuits. In reference [11], through checking the existence of a feasible solution
of linear programming equation, a soft-fault is located in a linear and nonlinear circuit. During
the diagnosis process in [11], each element’s parameter changing range should be changed in
order to decide whether the element is faulty, which make the time spent in diagnosing a fault
very long. The method is a qualitative method. Referencecir@pines a fuzzy identification
methodology with some ideas from linear programming theory. In reference [13], a node-
voltage sensitivity sequence dictionary is established to detect any fault of any component
using one fault characteristic code. Reference [14] gives an approach of combined sensitivity
analysis and fuzzy analysis to diagnose a soft fault in linear analog circuits. However, the
definition of fault set and membership function is open to suspicion. IngIfgw dictionary
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approach using the slope of voltage increment in two nodes as fault character for the
diagnosis of both soft-fault and hard-fault is introduced. Based on basic features calculated
from a circuit under the test's time domain response to a voltage step, reference [16] gives a
testing process for analog circuit using artificial neural network.

Although many methods using single linear programming 53 for fault diagnosis have
been developed, those methods are mostly focused on the qualitative diagnosis of the circuit.
In other words, all those methods in-I5] are to locate the position of the faulty element in
the circuit and they are unable to estimate the parameter perturbation of the faulty element.
How to diagnose a circuit quantitatively is still a subject in the field of analog circuit
diagnosis.

In this paper, an approach of soft-fault diagnosis is proposed using the fuzzy nonlinear
programming (FNLP) concept [£19]. The work of both identification of faulty elements
and evaluation of their parameters deviations are performed together here. The objective of
this FNLP equation is to find the minimum value of each parameter from zero which satisfies
all those constraints and the constraints equations are actually the voltage increment equations
in all test nodes and the changing range of each element.

The paper is organized as follows. Section 2 presents the composition of constraint
equations based on node-voltage sensitivity analysis in fault diagnosis. The diagnosis
methodology based on FNLP is provided in Section 3. In Section 4, experimental results are
given to show the effectiveness of the proposed method and a comparison with other methods.
Conclusions are summarized in Section 5.

2. Node-voltage sensitivity analysis

In this section, the fundamental theory of node-voltage sensitivity analysis to compose the
constraint equations in our diagnosis approach is discussed.

A circuit under test (CUT) witm elements will be represented by the node equations with
the node-voltage vectcnr:[q, 8, g]T, wherem is the number of nodes accessible for
measurement.

2.1. The Definition of Node-voltage Sensitivity

In [13], the partial derivative of a node voltage with respect to a component parameter is
called the node-voltage sensitivity, which is denoted as:

. _0g .
Sy :W'(|:1,2'...,n;1:1,2.,.. m) (1)

whereg is the node voltage of noglendY; is i-th component’'s parameter. Generallyare
G, R C, Lor the control parameters for dependent sources.

2.2. Node-voltage increment equationsfor DC circuits

Suppose that the admittance of the element connected to kaaes| has been perturbed
from Yiq to Yiq + AYiq This causes the node-voltage perturbations gdoe + Ae. In [11], it
is shown that the deviation of théhj node voltage & is given by:

aY,
2 =~(4- %) gy (8 78) @)
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where, Z, Zq (j = 1,IIm) are elements of the node impedance matrix and:
0=z, - Zo~ Zpt %
If AY,, - 0, from (2), it can be led to:
de,

aquz‘(ij‘Z,-q)(ﬁ‘ 9)' 3)
Likewise, it is achieved that:

oe.

a—i=‘(zjk‘4q)(¢‘ ?)' 4)

whereK is the gain of the controlled source (VC@%;) connected to noddsandq, with
controlling variable/s between nodesands.

Hence, the variatiomAg caused by perturbation from the nominal values of all the
parameters is approximately given by:

ey =2 §AY+D R0 K ()

where the summation includes all elements in the circuit.
Therefore, the Eq. (6) can be obtained:

u =28 R, (©)

wherevy; represents the voltage incremeni-th measured node amglis a variation ofi-th
element parameter whereasis a constant sensitivity coefficient from thth element tg-th
measured node.

2.3. Node-voltage increment equations for AC circuits

In linear AC circuits, the quantitiag and the AC sensitivity coefficients are generally
complex. Thus, Eq. (6) will be decomposed into two parts (real part and imaginary part) so
that all coefficients and quantities are real.

Re(uj)ziznlzRe(aj)p,lm(uj)=2|m(aj)p_ ™

Performing decomposition of (7) for each measurement node, the equation groups to any
measurement node are obtained as follows:

c
I

M 2

11
-

&, R
(j=1,2,---,m), (8)

c
I

g, R

where:u; =Re(de) , u, =Img(Ag) , a, =Re(a).3, =Img(q) .
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3. Fault detection
In this section, the building of a FNLP equation for diagnosis of the CUT is discussed.
3.1. Diagnosis Equation

Because the perturbation of node-voltage in any test node from its nominal value is a linear
function of those error parameters, the diagnostic problem can be considered as finding the
result of an underdetermined system with linear equations on the condition that all the
solution will have the minimum number of error parameters different from zero.

So, diagnostic equations can be formulated according to (6), expressing node-voltage
perturbationsy; in terms of parameter variatiory. However, because the unrestricted
variable pis allowed to take on positive or negative values, it must be substituted by using the
substitutionp = g — R, wherep’, p” are both non-negative. Intuitively if the varialgeis
positive thenpis positive and” is zero, while if the variablg is negative thep is zero
andp’ is positive. Ifp; is zero, therp’, p” obviously are both zero.

So,

usiaj P‘-iq p.(i=12:m), (9)

where p” 20, p” 20.
Suppose there aketest nodes in CUT, an equation set can be built as in (10).

W=y an->ap

i=1 i=1
uz=;azp—§azp, (10)
u=>an->amn

i=1 i=1

S b:[A;-A;[F”] (1)

P
where:

- Az[""i]:xk;

- b=y ul;

- p+=[pl+,...,p:T;

- p*z[plf’...,p;T.

Furthermore, a key question is to find a feasible solution to the above formulated problem.
In reference [11], the linear-programming with phase 1 of the simplex method concept is used
to answer the question. But in [11], the method requires the analysis of two circuits which
differ in excitations one from another. For identification of a single faulty element in CUT,
the tolerance limit of every element must be changed in turn and the diagnosis equation must
be reformulated as well. When there are multi-faults in the CUT, the method in [11] becomes
even more complicated because it needs to select a multi-element set from all candidate
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elements, which is inconvenient for a large circuit. At the same time, the method just
identifies the faulty elements qualitatively and cannot determine their parameter variations. In
this paper, in order to overcome the questions mentioned above, the concept of FNLP is
introduced to locate the faulty elements and identify their perturbed values.

How to formulate the diagnosis problem as a standard mathematical programming is not
always obvious. It is quite evident that unconstrained optimization formulation is not suitable
since there is always a set of performance constraints and constraints on parameter size
limitations. A single objective optimization formulation is very restrictive because only one
objective is optimized at a time, and it has to be decided which objective to optimize. The
nearest mathematical programming formulation to the diagnosis problem is the following:

f.(p)=pl
f,(p)=p
Minimize : . (12a)
f2n—1( p) = p;
fn(P)= Py
_ [Ai-AlP=b
Subject to (12b)
Pmin < PS Pmax'

+

P
wherePz{ } A, b, P" andP™ are defined as in equation (11). In Eq. (Zp) are D

objective functions to be minimize[dﬁ,\f - N P= bare constraints to be satisfied; is the

vector of element parameters, af, < P< P are bounding conditions on the element

max
paameters.

The object functiorfi(p) represents the parameter variations of each element in CUT. In a
non-faulty circuit with tolerance influence, all element parameter perturbations are small and
they are below their tolerance range. From the definition of node-voltage sensitivity analysis
in Section 2, the voltage value in tested nodes and element parameter perturbation are
satisfying the constrained function. So the Eq. (12) can be built.

For our purposes, the diagnosis of an analog circuit consists in assigning valuesRo a set
of parameters so that the circuit meets objectives while satisfying a set of performance
specifications.

3.2. Fuzzy Objectives

In an industrial environment, during modeling the diagnosis problem as in (12), we force
the tester to state his problem in precise mathematical terms rather than in terms of the real
world which are often imprecise by nature.

In fact, objectives are often better expressed in real-world terms than in precise numbers.
Testers often use terms like minimize, small, very large, substantially higherethano
state their diagnosed objectives. These terms have a fuzzy meaning and are difficult to express
precisely by numbers. Fuzzy set theory makes it possible to quantify and manipulate such
human statemenf49].
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In the attempt to minimize a performance functiip), testers often stop the search
procedure wherfi(p) attains acceptable values, even before the strict minimum is reached.
Additional searching may be very time-consuming with no significant improvement in the
objective function. For this reason, we associate with each objective a fuli{plioim (12), a
fuzzy set that formulates the fuzzy meaning of minimize (or maxiraiza)what precisely the
tester wants to achieve.

For each fuzzy objective(), we define a membership functign, which associates with
each valuefi(p) of the objective function a grade of membershpipreflecting the degree of
acceptability of that particular performance valueDif is the interval of possible values of
fi(p), 4, will be defined as follows:

Hy - Df‘ - [O']]
fi(p) ~ 4, (p)

U is a real number in [0, 1] reflecting the degree of fulfiliment of the fuzzy objective

(13)

associated with the objective functidn (p) =1 means that the objective functifnis

fully satisfied, while z/, (p) =0means thatf, is not satisfied at all; this will occur whé(p)

takes an unacceptable value. An intermediate value will reflect the acceptability of that
particular performance value. It is clear that the clqsp( p) is to 1the better the solution.

Let suppose that:
- U, - the maximum value of theth element’s parameter;

- L —the minimum value of theth element’s parameter;
d =U, - L : the changing range of tli¢h element’'s parameter.

For elements in CUT, the worst faults are open and short. If an element in CUT is open,
parameter variationg’ is +co. And if an element in CUT is shorted, parameter variagpns

is Y, whereY, isi-th element's nominal parameter. And, in the calculation prodé8, is
used to represent the “open” state of the element. So, tetthelement in CUT, if the
parameter of the element increases, the parameter variqm;*orim; defined in the range
[0,100¢] , which means that the maximum valug to p* is defined ad00¥ ; if the
parameter of the element decreases, the parameter varipfion#i be in the range{O,Yi]
and the maximum value; to p- is equal to the element's nominal parameter. The minimum
L; value of the-th element, to botp"andp™, are actually defined as 0.

So, to every element in the CUT, alfuzzy membership function [20] could be defined as
# (p)-

1 Osp <L
u(p)={2 hERst 14)
0 p=U,

Obviously, whenp =U, , x(p)=0and whenp =L, , (p)=1. An example of a
membership function, for the fuzzy objective to minimfigg), is shown in Fig. 1.

354



Metrol. Meas. SystVol. XVII (2010), No. 3, pp349-362

,Ui(p.)A
1

Fig.1. Membership function for the fuzzy objective minimize.

3.3. Building of FNLP Equation

After the objectives are fuzzyfied and after the corresponding membership functions are
defined, the diagnosis problem in (12) becomes:

Maximize {/lfl,,ufz N ,,UfM}

: [AE -AP=b
Subject to (15)
P.<P<P

max

Therefore, to any solution of the formula (9), it is hoped thqt( p) achieves the

maximum value or elements’ parameter perturbations are being minimum. So another
variable A is introduced:

MaximiZe

Subject/lt&%

(16)
For this purpose, a FNLP equation, tending to satisfy the constraints, namely (9), with the
minimum number differing from zero, is constructed.

The FNLP equation can be formally stated as follows.

Maximuin

(17a)
Subjectfé i - A] X=b

A< U - p|+ ,
di

A< U-p ,
di

p Oy =0(i=12;-- n), (17b)
where:
.
Az[aj:|nxm;

T

=[]’
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T
l

- X+=[pl+... p:]
_ x-z[pl-... p;]T;

o]

Using the initial solution generated by the first-cut sizing procedure, the optimization
problem (17) is solved with a feasible direction algorithm [R2idte that the algorithm used
is a local one. However, this is not a real limitation of the approach since the final fuzzy
formulation obtained in (17) is independent from the resolution algorithm and therefore can
be solved using a more powerful nonlinear programming algorithm, in addition designers
often accept a local minimum.

When there are faulty elements in CUT, the nonzero valu¥saoé connected across their
corresponding elements. From the output of the FNLP equation, we obtain the solving vector
X, which represents the deviation in each element value. After checked against their assigned
tolerance value, if the change exceeds the allowed tolerance, it can be declared that the
element is faulty, otherwise it is un-faulty. So, in the method, not only the faulty elements are
located but the parameter perturbed values are identified quantitatively.

4, Examples of the new method for fault location and identification

In this Section, two examples for both DC and AC circuit are given to illustrate the method
for fault detection and identification of the faulty elements’ deviational values developed in
Sections 2 and 3. Another example is given to show the method’s efficiency compared with
other methods in reference [14]. All simulation work is finished in a PC with 1.73 GHz, 512
MB and the PSPICE program is used as the circuit simulator and LINGO program is used to
solve the FNLP equation.

4.1. Diagnosis example for a DC circuit

Let us consider the linear DC circuit depicted in Fig. 2 where we assume that nodes 1, 2
and 3 are accessible for measurement. The nominal parameters are shown in Fig. 2. The
tolerance of any element is 5% of its nominal value. Thus, to this circuit, a DC sensitivity
coefficient matrix from each element in the CUT to test points is bullt as

As mentioned in 3.1, based on the sensitivity coefficient matriand the measured
voltage value in test nodes, a diagnosis equation as in Eq. (12) can be built. Then, from the
nominal value of each element in circuit, the valud&Jofl, andd, can be decided. To this

point, a FNLP equation as in Eqg. (17) can be built. In the end, from the solution of the
equation, whether the CUT is faulty and which element is faulty are both decided.

Qe O O

+ v, —

R-20 s=Kv
C+2:1A 2 2 s)é 1161=0.‘54

Ri=102 Ry=20

Fig. 2. Alinear dc circuit.
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Ri, R, R; Ry Rs K
110781 0.015 0006 0022 0.065 0.062
A=210247 0049 0068 —0.005 —0071 0205
310367 0.073 0032 -0.008 0032 0307

The CUT is tested with bias point analysis by inducing faults to the circuit in the
component value from the nominal value. Five cases are considered and the method for fault
detection developed in Section 3 is applied every time.

Case 1The actual parameters arB; = 1.032, R, =2Q, R;3=1.96), R, =4Q, Rs = 1Q,

K = 0.48. All the parameters are within the tolerance ranges.

Case 2.The actual parameters ar®;= 1Q, R, = 2Q, Ry =2Q, Ry = 3.1, Rs = 1.0%),
K = 0.5, the paramet&, slightly exceeds the tolerance range Rgik in the maximum value
within its tolerance range whereas all the other elements are in their nominal values.

Case 3The actual parameters arB; = 1.140Q, R, =2.08), Rs=20Q, R, =3.8%), Rs =

0.980Q K = 0.51, the elemerR,; is faulty and all the other elements are within their tolerance
ranges.

Case 4.The actual parameters ar®; = 1.282, R, = 2.082, R3 = 2.632, Ry = 4Q, Rs =
0.980 K = 0.51, the elemen; andR; are faulty and all the other elements are within their
tolerance ranges.

Case 5The actual parameters af®; = 1.282, R, = 2.082, R;=2.632, Ry=5.28), Rs
=0.980Q K = 0.51, the element®; , R; andR, are faulty and all the other elements are within
their tolerance ranges.

The global optimal solution of the FNLP equation is shown in Table 1.

Table 1.The solution of the linear DC circuit.

Casel Case2 Case3 Case4 Caseb
AR(Q) -0.8905E-06 -0.3571E-06 0.1606 0.2732 0.2966
ARy (Q) 0.7068E-01 0.0000 0.0000 0.0000 0.0000
AR (Q) 0.9251F-01 0.000( 0.4559E-01 0.7342 0.7237
AR4(Q) 0.9074 E-01 -0.3156 0.000( 0.000( 0.7517
AR5(Q) 0.6776E-01 0.5052E-01 0.0000 0.0000 0.0000
AK 0.0000 0.0000 0.3742E-01 0.2965E-01 0.0000

Now we consider the calculated results and compare the value in the solution of the
equation with their tolerance ranges. The results are as follows.

Casel. All the values in the solution of the equation are within elements’ tolerance ranges.
Hence, the circuit is non-faulty.

Case 2. The value dfR, is heavily beyond its tolerance range meanwhile the validRof
slightly exceeds its tolerance range. Considering the influence of calculation error, it can be
thought thaR, in the CUT is faulty.

Case 3. The value dfR; is beyond its tolerance range, which meRpsn the CUT is
faulty.

Case 4. The values @&R; and AR; are heavily beyond their tolerance ranges and the
paramete/AK slightly exceeds its tolerance range. As in Case 2, it can be thougRi trad
Rs in the CUT are faulty.

Case 5. The values &R, AR; andAR, are heavily beyond their tolerance rangesiRso
R; andRyin the CUT are faulty.
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4.2. Diagnosis example for an AC circuit

Let us consider a low-pass filter shown in Fig. 3. The nominal parameters are shown in
Fig. 3 and the tolerance of any element is 5% of its nominal value. The circuit is driven by an
AC voltage sourc&/(t) = sin 6280 V. Below, we consider three cases and every time apply
the method for fault detection developed in Section Ill. We assume that the output node of the
CUT is accessible for measurement.

R1 Uty

1]
A
T4ie 007y | b i

iz n 1 2

Kl
L]
i

1.5k

B3

15k§ i
e _.'|'|—
L 1

15%ie

0
Fig. 3. A low-pass filter.

Case 1 The actual parameters aRg = 1.0052, R, = 1.501K), Rz = 14.998k, C =
0.0101uF . All the parameters are within the tolerance ranges.

Case 20ne element is faulty and the actual parameterar8.02,F whereas all the
other elements are in their nominal values.

Case 30ne element is faulty and the actual parameter<ar8.02uF .The remaining
parameters are as in Case 1.

In Table 2, the global optimal solution of the FNLP equation is given.

Table 2.The solution of the linear AC circuit.

Casel Case?2 Case3
ARy(QY) 0.0000 0.0000 0.0000
ARy(Q) 1.1826 0.0000 0.0000
AR3(QY) 0.0000 0.6423E+03 0.6431E+03
AC(UF) 0.0000 0.9883E-02 0.9981E-02

Having seen the calculated results from Table 2 and compared the values with their
tolerance ranges, the diagnosis results are as follows.

In Case 1, the calculated result states that all the values in the solution of the equation are
within elements’ tolerance ranges. Hence, the circuit is non-faulty.

In Case 2 and Case 3, only the valu&@Gfis out of the tolerance range and other solutions
are within their tolerance ranges. Hen€en the CUT is faulty in the two cases.

Seen from the diagnosed results shown in Table 2, the three per-set single faults in the
circuit can be diagnosed correctly by using the methods proposed in the paper. The diagnosed
results mean that the method proposed in the paper is still effective for an AC circuit.
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4.3. Diagnosis Example Compared with Other Methods

A method using fuzzy theory to diagnose soft fault of a CUT is introduced in reference
[14], which defines a fault set and uses the membership function to locate a faulty element.

However, in the reference [14], each fault state is defined as the faulty element is in a fixed
value, which make its fault set infinite. And, according to reference [14], the twice or half of
the nominal sensitivity ratio is chosen to calculate parankeiterthe membership function,
which cannot show clearly whether an element’s value is out of its tolerance range. Therefore,
when a faulty element’s value changes heavily and in some condition, incorrect fault location
is appearing unavoidably.

In [14], the circuit shown in Fig. 4 is simulated to show the method’s effect. In order to
show the effectiveness of the method introduced in this paper, some simulation is done using
the two methods.

Ré

o K o ® ©
ﬁD Is R5 QR4
| 1

Fig.4. A linear resistive analog circuit

In Fig. 4,Ri= R =R3=Ry=1Q, Rs= 0.5, Is= 1A. The tolerance limit is 10% and
submits to the Gauss distribution.

The diagnosed results using the method given in [14] and this paper for soft fauliren R
given in Table 3. For each faulty stateRaf 20 Monte-Carlo analyses are done.

Table 3. The diagnosis results of fault inuRing method in reference [14] and this paper.

R=0.5Q Ri=1Q Ri=2Q Ri=5Q R;=1002

Numbe Result] | Result: Result] Result? Result] | Resultz | Result! Result? Result] | Result
(1) Ry Rix R1/R3/Rs No fault Ry R Ry R Ry R
(2) Ry Ry Rs No fault Ry Ry~ R, Ry Ry Ry R, ”
(3) Ry R1MRy” Rs Rs” Ry R17Rx” R1 Ri 7Ry 7 R4 Ry~
(4) Ry Rix Rs No fault Ry Ry R Ry~ Rs Ry~
(5) Ry RiN Ry No fault Ry Ry” R1 Ry~ R1 Ry~
(6) Ry Rix Rs No fault Rs Ry Rs Ry Ry Ry
(7) Ry Rix Rs No fault Ry R17 R Ry~ Ry Ry~
(8) Ry RiMRy” Rs Rs” Ry Ry~ Ry Ry~ Ry Ry~
(9) Ry Rix Rs No fault Ry Ry R Ry Ry Ry
() Ry Ry Rs No fault Ry Ry~ R, Ry Ry Ry R, ”
(1) Ry Ry Rs No fault Rs Ry~ Rs Ry~ Ry Ry~
() Ry Ry Rs No fault Ry Ry~ R, Ry Ry Ry /R, ”
(13 R: R~ Ry No fault R Ry~ Rs Ry~ Ry Ry~
(14) R: RiMRy” Rs No fault Rs R17Ry” Rs R;7Ry” Ry Ry~
(15) R RiMRy” Rs No fault R; R17R,” Rs R 7Ry~ Ry R17Ry”
(16) Ry RiN Rs No fault Rs Ry~ Rs Ry~ R4 Ry~
() R; Rix Rs No fault Rs R17Ry” R, R 7Ry Ry Ry~
(18) Ry Rix Rs No fault Ry R Ry R R4 R17R”
(19) Ry Ry Rs No fault Ry Ry~ Rs Ry~ R4 Ry~
) Ry RixRy” Rs No fault Ry R 7Ry~ Ry R17R;”Rs” R4 R~

Diagnosis
Ratio 100% 75% 0% 90% 75% 75% 65% 75% 25% 75%

Resultl and Result2 represent the diagnosis results using the method in [14] and this paper.

7represents the increase of element paramstepresents the decrease of element parameter; / represents the
relation of OR.

359



W. Zhang et al.: SOFT-FAULT DIAGNOSIS OF ANALOG CIRCUIT WITH TOLERANCE USING FNLP

From the diagnosis results shown in Table 3, compared with the method in [14], it can be
seen that wheiR; is in each faulty state the method in this paper makes some progress in
diagnosis.

1. WhenR=1Q and the others element’s parameter is changing under their influence of
tolerance randomly, the circuit is without fault. The method in [14] is unable to determine
the real state of the circuit. To such state, the diagnosis ratio using the method in this
paper can attain 90%.

2. Seen from the property of the diagnosis results, the method in this paper is a quantitative
diagnosis and it can roughly estimate the parameter perturbation. Meanwhile the method
in [14] is a qualitative diagnosis and it only locates the faulty element.

3. From the compared result in the example, when the parameter change is minor, the
diagnosis ratio of method in [14] is better. When the parameter change is larger, the
diagnosis ratio of method in [14] is descending heavily. But, to all those faults in the
CUT, the diagnosis ratio of the method proposed in this paper is high and steady.

4. In all misdiagnosis using the method in this paper, the non-faulty element is diagnosed
wrongly as faulty one but the faulty element is not lost. But, in all misdiagnosis using the
method given in [14], the non-faulty element is diagnosed wrongly as a faulty one and the
faulty element is lost.

5. Conclusions

A new approach to locate single or multiple soft-faults in circuit is presented here. In this
paper, a standard circuit sensitivity analysis at accessible nodes with nominal parameters is
required to be performed to build the node-voltage incremental equation firstly. Then, a
diagnostic strategy for analog circuits is formulated using FNLP with limited test nodes. The
diagnosis result includes soft-fault identification of the circuits and the determination of the
faulty elements.

The method in this paper, with acceptance of FNLP for evaluating the parameters
deviations, both identifies the faulty elements and determines their parameters. From the
solution of the equation, it enables us to state whether the actual parameters are within
tolerance ranges or some components are faulty quantitatively.
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