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Abstract: The demand for testability analysis of analog circuits 

has been increased in recent years. The fault detection and fault 
classification method is important in detecting the parametric 
faults of the circuit. In this paper, Simulation Before Test (SBT) is 
considered as a basic mechanism for detecting the parametric 
faults.. The circuit Under Test (CUT) used is Sallen-Key bandpass 
filter. Transfer function of the CUT is used for fault detection by 
locating the poles and Zeros of the transfer function. Fuzzy logic 
is used for fault classification. 
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I. INTRODUCTION 

In recent years fault diagnosis in electronic circuits has 

become an active research area because the reliability of the 
product is measured by testing and validation [1]. It is found 
that a significant cost of the product amounts is spend  for  
testing and mostly testing is done only  in the analog part of 
the circuit. It is observed from recent studies which have 
shown different fault identification models upto 50% 
variation in the component values but still new approaches are 
needed below 50 %.[2] Automated fault detection technique 
improves the efficiency of the fault detection in the system.. 
The two different simulation methods used in parametric fault 
detection are Simulation Before Test (SBT) and Simulation 
After Test (SAT)[7].In Simulation Before Test by injecting 
the faults in the circuit fault dictionary is created and fault 
detection is done by a soft computing method. Artificial 
Intelligence and reasoning methods are the two different 
methods used in Simulation After Test. Nowadays soft 
computing technique plays a major role in various fields of 
Engineering. Intelligent algorithms were used to find an 
optimum solution for the problem. Soft computing techniques 
like fuzzy logic, Neural network and Genetic Algorithm are 
oftenly used for these types of problems[1]. Fuzzy logic is one 
of the simplest and effective method which suits for many 
problems[5]. Especially when there is no mathematical 
relationship between the input and output. 
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II. METHODOLOGY 

A. Fault Detection 

Transfer function is considered as the key factor which is used 
to create the fault dictionary. For any circuit the location of 
poles depends on the transfer function of the circuit. Changes 
in the values of the parameters such as Resistors and 
Capacitors will affect the transfer function which leads to the 
change on the location of the poles.  

 
Fig 1: Flow Diagram 

The above flow diagram shows the complete steps involved in 
this method of finding the parametric faults using fuzzy logic. 
Fault dictionary has to be created by injecting the faults. In 
order to create the fault dictionary, transfer function of the 
circuit is used to extract the poles and zeros and fuzzy logic is 
used for fault classification and fault detection. Fault 
dictionary is created by injecting the faults in the circuit and 
generating the corresponding poles location through transfer 
function Fault model is defined by the faults with respect to 
the components present in the filter and its fault range. For 
example, R1+10%,R1+20%,here for each component the 
fault model ranges from -50% to +50% from its original 
value. 
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 The step size for each variation is 10.  

Table 1 : Fault Dictionary 

FAULT 
CONDITIO
N OF THE 
CUT 

REAL 
PART 
(IP-MSF1) 

IMAGINARY 
PART 
(IP-MSF2) 

FAULT 
INDEX 
(OP-MSF
1) 

Fault  free 0.1931 1.5326 I 

R1-50% -0.0113 0.1193 II 

R1-40% -0.0428 0.85971 III 

R1-40% -0.0578 0.62161 IV 

R1-30% -0.0413 0.44305 V 

R1-10% 0.0114 0.30416 VI 

R1+10% 0.0909 0.19305 VII 

R1+20% 0.1762 1.0214 VIII 

R1+30% 0.2416 1.26385  IX 

R1+40% 0.266 2.6385 X 

R1+50% 0.2416 3.711 XI 

R2-50% 0.1762 1.0896 XII 

R2-40% 0.0909 1.40286 XIII 

R2-30% 0.0115 1.8008 XIV 

R2-20% -0.0412 1.5896 XV 

R2-10% -0.0414 1.5432 XVI 

R2+10% -0.0577 1.4352 XVII 

R2+20% -0.0425 1.3985 XVIII 

R2+30% -0.0112 1.3726 XIX 

R2+40% -0.0105 1.3015 XX 

R2+50% -0.005 1.2015 XXI 

 
The above fault dictionary is a sample fault dictionary 

which is created using only Resistors R1 and R2. Similarly by 
considering all the Resistors and Capacitors in a circuit, a 
complete fault dictionary can be created. 

B. Pole Zero Plot 

Pole-Zero Plot is created by using the MATLAB tool. In 
order to create a pole zero plot the transfer function of the 
Circuit is to be found. The pole and Zeros value is a complex 
a number. Fig 2 shows the Pole-zero plot for the various faults 
created in the fault dictionary.  

 
Fig 2 : Pole-Zero Plot 

B. Sallen key Bandpass filter 

Sallen-key is a type of Voltage-Controlled Voltage Source 
(VCVS) topology. It is chosen as Circuit Under Test (CUT) 
because of its properties such as High input impedance and 
easily selectable gain. A SK (Sallen-Key) filter has a slight 
variation compared to a VCVS filter with respect to its gain. A 
SK filter is a variation on a VCVS filter that uses a unity-gain 
amplifier. The CUT used in this paper is a second order Sallen 
key band pass filter.  

 
Fig 3: Sallen key Band pass filter 

The transfer function of the filter is 

 C. Fuzzy Logic 

Fault detection is done by using Fuzzy logic. In Recent 
years application of fuzzy logic is increased significantly. 
Fuzzy logic is a multi-valued logic with unsharp boundaries. 

D. Fuzzy inference system 

Fuzzy inference system has a very good reputation in various 
fields such as data classification, expert system, decision 
analysis etc…The process of mapping the input to its output is 

done by fuzzy inference system, then this mapping give the 
basic idea to make the decisions. The fuzzy inference system 
(FIS) classifies the fault in an effective way. 

 

 
 

Fig 4 : Fuzzy inference system 
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The values stored in fault dictionary is entered in FIS. The 
pole values are complex numbers, so two input variables is 
needed to enter the pole values. The total number of 
membership function needed is equal to the total number of 
values present in the fault dictionary. While entering real and 
imaginary part of the poles, we have to set the range in FIS 
editor. Which should cover all the values present in the fault 
dictionary. An example of  an Input MSF (Membership 
function) is as follows. 
“If (real part lies in the range [-0.20 -0.19 -0.18] ) and 
(imaginary part lies in the range [1.52 1.53 1.54] )then (the 
range of output1 is [0.9 to 1.1])”. 

 

 

Fig 5 : Fuzzy Rule constructor 

E. Defuzzification 

The Centroid of Area (COA) defuzzifier generates the output 
value 0.19 which is equal to the fault index 1.By having a 
complete fault dictionary, we can enter all the values of real 
and imaginary part as membership function 1 and 2 so that the 
defuzzifier generates corresponding fault index value 
whenever a match is found. while entering the range for fault 
index in the FIS editor, the range should be in such a way that 
in should cover all the fault model present in the fault 
dictionary. 

F. Validation 

Validation is done by entering any value from the fault 
dictionary. If one want to check for R1-50%, then its value 
should be entered in fuzzy Rule viewer which checks the 
member ship function and give its corresponding fault index 
value. This can be verified by comparing the output of the FIS 
ruler with the fault dictionary 

G. Rule viewer 

Once the rule for all the pole s is constructed then using rule 
viewer the output is verified by  giving the input ie. Real and 
imaginary value of any one of the pole in the fault dictionary 
and the rule viewer gives its corresponding fault index value. 

 

 
 

Fig 6: Fuzzy Rule Viewer 

III. RESULTS AND DISCUSSION 

In this paper fuzzy logic is used for fault detection. 
Table 1 shows the sample fault dictionary which is created by 
changing the Resistor values. The values of Real and 
Imaginary part tin Table 1 is entered in FIS as input 
Membership function. Fault index value in Table 1 is entered 
as an output value. Fig 5 Fuzzy Rule constructor is used to 
frame the rules using the input and output membership 
functions. Fig 6 Fuzzy Rule viewer is used to see the output 
where the values present in fault dictionary is entered and it 
displays the corresponding fault index value by which one can 
identify which component’s value is changed and upto what 
percentage it is changed from its original value.  

Table 2 :  Sample output 

IP-MSF 1 IP-MSF2 OP-MSF3 
Fault 

Condition 

0.2660 2.6385 10 R1+40% 

-0.0412 1.5896 15 R2-20% 

-0.042 0.8597 3 R1-40% 

0.0909 0.1930 7 R1+10% 

0.2416 1.2638 9 R1+30% 

In table 2 0.2660 and 2.6385 are the two input membership 
function from the fault dictionary which is given to the fuzzy 
rule viewer of Fig 6. In FIS, as a result of Defuzzification it 
traces the output membership function of 10 as output. Then 
by searching the corresponding value in fault dictionary its 
fault condition is identified as R1+40%. The above method is 
applicable for all the data present in fault dictionary. 

IV. CONCLUSION 

In this paper poles is used as a parameter to detect the fault in 
the circuit. The pole value is extracted from the transfer 
function of the CUT. Similarly parameters like frequency and 
Gain can be used to create fault dictionary. Fuzzy logic is used 
for fault classification which is a simplest and effective 
method suited for this problem.  
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Various soft computing techniques and machine learning 
methods can be used in the future for this problem.    

REFERENCES 

1. Karthi S.P, Shanthi M, Bhuvaneshwari  “Parametric Fault Diagnosis in 
Analog Circuit Using Genetic Algorithm” International Journal of 
Electrical and Electronics Engineers (IEEE] Publisher: IEEE  

2. K.Gunanandhini, “Analog circuit fault detection using softcomputing 

techniques” International Journal of Engineering Research & 
Technology (IJERT). 

3.  A. Kavithamani, V. Manikandan, N. Devarajan, "Soft Fault 
Classification of Analog Circuits Using Network Parameters and 
Neural Networks", Journal of Electronic Testing, vol. 29, pp. 237-240, 
April 2013. 

4. K. Ghosh, B. N. Ray, "Design of a new high order OTA-C filter 
structure and its specification based testing", VDAT 18th International 
Symposium on, pp. 1-6, 2014. 

5. Yiqian Cui, Junyou Shi, Zili Wang, "Analog circuits fault diagnosis 
using multi-valued Fisher's fuzzy decision tree (MFFDT)", 
International Journal of Circuit Theory and Applications, vol. 44, no. 
1, pp. 240-260, April 2016. 

6. Palanisamy Kalpana, Kandasamy Gunavathi, "Test-Generation-Based 
Fault Detection in Analog VLSI Circuits Using Neural Networks", 
ETRI Journal, vol. 31, no. 2, pp. 209-214, Apr. 2009. 

7. Karthi S “Fault Detection in Analog Circuits Using Soft Computing 

Techniques”  Jour of Adv Research in Dynamical & Control Systems, 
Vol. 10, 12-Special Issue, 2018. 

8. C. Alippi, M. Catelani, A. Fort, M. Mugnaini, SBT soft fault diagnosis 
in analog electronic circuits: a sensitivity-based approach by 
randomized algorithms, IEEE Transactions on Instrumentation and 
Measurement 51 (5) (2002) 1116–1125.  

9. S.J. Seyyed Mahdavi, K. Mohammadi, Evolutionary derivation of 
optimal test sets for neural network based analog and mixed signal 
circuits fault diagnosis approach, Microelectronics Reliability 49 
(2009) 199–208.  

10. Krishna Rao, I.,Rukmini, M.S.S., RudraPratap Das, Tirumala Rao, P. 
and Manikanta, G. Design of Frequency Domain Induced Polarization 
Equipment having Optimized Frequency of Signal Transmission. 
Indian Journal of Science and Technology9 (6) (2016).  

AUTHORS PROFILE 

Karthi S. P., currently working as Assistant 
Professor in Sri Krishna College of Engineering 
and Technology, Coimbatore. and his area of 
research focus on Wireless communication and 
VLSI circuits, Architectural optimization, & 
Embedded systems. He is having 6 years of 
experience in teaching and research and he 
attended 8 international conferences and published 

4 papers in reputed scopus indexed journals and also 
Life time member of ISTE . He completed course on Machine learning from 
international agencies and he is one of the vibrant person who can work in 
python to develop the projects based on IoT and specially he works on the 
medical application 
 

 
Dr. K. Kavitha currently working as Professor in 
KCT,  having experience of more than 15 Years in 
research and teaching and published more than 25 
papers in h-indexed journals and guiding 6 scholars 
under the Anna University. Her area of  interests are 
Signal Processing ,Wireless Communication. She 
obtained various research funding for conducting 
conference and workshop at national level and 

received R & D fund from various governing bodies of India. She is holding 
life time membership in IEEE. 
 

 
Dinesh Kumar. J. R., currently working as 
Assistant Professor in Sri Krishna College of 
Engineering and Technology, Coimbatore. and his 
area of research focus on VLSI, Arithmetic circuit 
optimization, Signal processing and circuit. He is 
having 7 years of experience in teaching and 
research and he attended more than 10 international 

conferences and published 6 papers in reputed Scopus indexed journals and 
also Life time member of ISTE and IYANG. He is associated with various 
research work activates of the department and also he is one the key holder 
who obtained the fund from ISRO for conducting national level conference. 
He is certified engineer in Python and Blockchain from the international 
agencies. 


