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The detection of faults in electronic circuits is crucial to 
ensure the proper performance and reliability of electronic 
applications that utilize these devices. This work discovers, 
for the first time, that a direct tester board for fault diagnosis 
can be used not only for the intended measurement of current 
and voltage but also for studying the potential development 
of these magnitudes in inaccessible locations, as it detects 
register transfer level signals through oscilloscopes with low 
acquisition speeds. The experimental analysis carried out 
combines the use of commercial software with spatial 
distribution tracking and the exploitation of the sizes of 
network links in their computer graphical representation. 
The proper detection of malfunctions in electronic systems is 
crucial for enhancing their performance and reliability. We 
intend to explore the troubleshooting of analog electronic 
systems, for which we use wide-band direct tester boards. To 
evaluate its performance in routine practice, we perform 
experimentation using two different analog circuits designed. 
They consist of conventional operational amplifiers and 
element modeling based on equivalent resistance-
capacitance networks. Given the procedure followed, 
commercial programs were used. Special mention should be 
made of the conclusion matrix, which is interesting when 
selecting suitable diagnostic parameters. The effectiveness of 
direct measurement based on integrated probes in the two 
projects, which allowed for fault insertion, was also 
confirmed. The results and discussions were enriched by the 
summarized experimental test report.  The work concludes 
with a reflection on the relationship between this work and 
the existing state of the art, as well as the new challenges 
posed by international researchers. 
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1. Introduction 

In general, fault diagnosis is an activity that utilizes 
expert systems, automation, and tests to identify the 
causes of failures differently from the failure 
warnings. As the test methods progress, particularly 
the DFT concept, which has two main objectives. The 
first objective aims to reduce to an acceptable level 
the task of checking the functioning of any circuit at 
any moment of its life in terms of external terminal 
truth tables, with a complete check suitable to detect 
the probability of malfunction also due to changes in 
threshold levels or changes in output impedances of 
generators or a dynamic increase in consumption 
[1][2][3]. The second objective is to check and 
control the correct implementation of a chip in terms 
of IC chip input or output logical level status; for 
implementation, IDDQ control must be added 
according to the common evaluation that the static 
component consumption of IC chips is about 10% of 
the dynamic consumption [4][5]. 
Automatic Test Equipment, such as digital pattern 
generators, digital logic analyzers, and oscilloscopes, 
are tools designed for fault simulation testing at the 
pin level of integrated circuits. However, to utilize 
such techniques in traditional testing, we need to 
connect external devices to the card on which the IC 
has been mounted, particularly for prototype and 
development analysis. The result is an increase in 
the cost, slowness, and loss of flexibility in circuit 
modifications. Some manufacturers frame this 
concept in terms of manufacturing costs, indicating 
that even 99% fault coverage can result in the testing 
cost exceeding the cost savings achieved through the 
use of advanced and high-integration techniques in 
manufacturing. The design, planning, realization, 
and implementation of an intermediate tester board 
is useful to check the functioning of a limited number 
of analog circuits directly on the printed circuit in 
real time, with very low hold-up times and with an 
investment of about 10% of the amount necessary to 
make a card instrumented with test pins set to be 
interfaced in a hypothetical Automatic Test 
Equipment [6][7]. This has the aim of acquiring 
information that guides us in the mounting of micro-
card maturity tests, as classifications resonate in 
physical or functional sections, adjustments to be 
made in order to reduce as soon as possible the 
working percentage; it helps to open, following a 
temporal priority-driven rule, the watchdog before 
the moment in which the functionality decrease 
leads to missing classifications not foreseen by the 
model affecting the IC inputs as the correct inputs to 
be used  [8]. 

 

 

1.1. Background and Significance 

The lifetime of automated electronic systems can 
increase dramatically depending mainly on the 
efficiency of the test strategies. This fact is evident 
especially when the manufactured system fails, 
which may cause serious accidents or even death. 
For this purpose, within the qualification of an 
analog electronic system, testing is conducted by 
verifying the functionality of non-digital 
components, as well as the specific functions of 
digital circuits, such as digital-to-analog converters, 
analog data acquisition systems, power amplifiers, 
and others [9, 10, 11]. Thus, many techniques used 
in digital circuit testing can also be employed in the 
testing of other electronic equipment. In the 
development of this work, some methodologies were 
studied to test faults in analog electronic circuits, 
which may have been implemented in the digital 
form. These techniques, although well-established, 
still lack a testing methodology suitable for any 
technological degree at which they are implemented 
[12] [13] [14]. 
This work provides a contribution by using genetic 
algorithms with similar work in the testing of analog 
circuits. The present work aimed to propose a 
deterministic technique of automatic testing to be 
implemented in the electronic board to which the set 
of integrated circuits is attached, facilitating the 
tests, reducing the test time, the cost of maintenance, 
and minimizing the number of engineers and 
technicians needed to perform maintenance. These 
and other benefits are related to the various phases 
in the reliable operation of an electronic system [15]. 
By automatic and deterministic, it means that the 
tested system must not receive stimuli that may infer 
a semi-automatic or non-deterministic operation 
[16]-[19]. That is, a manually operable dedicated 
system that performs the tests in a totally isolated 
manner, without exposing the person responsible 
for the test to the possibility of a malfunction, such 
as a sequence that alters the expected behavior of 
the equipment.  

1.2. Research Objectives 

To achieve the aim earlier stated, the following more 
specific objectives are formulated: 
Revision and remediation of computer algorithms 
for the analysis of analog signals based on the 
discretization of the transformation instead of just 
the transformation itself, as well as its presentation 
and decompression, reducing the loss of useful 
information closely merged to the errors we want to 
detect and measure.  
Review and develop a better and more effective way 
of driving the AD converters than the zooming 
method commonly used, using for this purpose the 



Elaf Hamzah Yahia / Anbar Journal of Engineering Science, 16,1, (2025) 61 ~ 82                                                                                       63 

 

 

AJES   P-ISSN: 1997-9428  ; E-ISSN: 2705-7440                                                                                   https://ajes.uoanbar.edu.iq/  

approximate band of the signals and the fast Fourier 
transform algorithm. 
Study the potential and behaviour of analog signals 
under conditions of normal operation and a wide 
variety of possible fault types and causes that could 
occur in the analog devices based on the theory of 
complete models.   

 

Figure 1. Hierarchical Representation of Research Objectives 

Implement and/or acquire simulated and real faulty 
data under user-defined conditions to add random 
noise with specific effects and the experimental 
environment needed in the research tasks.  
Program the algorithms on a suitable platform with 
special emphasis on massive parallel processing and 
the temporal constraints required by real test 
systems. Figure 1 illustrates the structured 
breakdown of the research objectives, detailing the 
key focus areas, including algorithm revision and 
remediation, enhancement of AD converter 

methods, analysis of analog signals, acquisition of 
simulated and faulty data, and programming on 
suitable platforms with a focus on parallel 
processing and real-time constraints. 

1.3 Fault Detection in Analog Electronic 
Circuits 

Current electronic system applications are 
extending their functionalities and requiring greater 
performance. These demands stimulate the 
development of high-performance integrated 
systems. These systems are constructed using digital 
electronic systems; however, in several applications, 
digital systems must interact with the analog 
domain. Examples of these interactions include 
power management, audio processing, interfacing 
with sensors or transducers, and interfacing with the 
real world. For many critical applications, the 
competence of electronic systems has a profound 
influence, in which performing analyses of a device's 
quality is vital [20] [21] [22]. In this context, these 
instruments can be used to evaluate system quality 
from the perspective of Analog Fault Definition, Verb 
Descriptions, and syndromes for the analog fault 
model and generic techniques and their properties 
[ 23] [24]. 
In this section, the fault detection problem is studied 
based on the original tester, named Direct Tester, 
which is functionally unconventional. Using the 
simulated test, the implementation gives 100% 
coverage and only one resistor per word of the test. 
This daily information is crucial because it directly 
impacts the test's efficiency and the system's cost 
[25] [26]. Many proposed circuits and methods are 
widely tested and have been used multiple times, 
with successful applications over a long period. This 
is the critical reason that the tester uses an economic 
analog card and regulates itself for switch times, 
whether intentionally long or not. Such doubts and 
misconceptions gave rise to a perhaps excessive 
overvaluation of the multiplexed analog tester or 
triggering circuit, which was manufactured in the 
digital domain and controlled by a numerical 
sequencer. These facts define the cutting edge 
between the context of 1973 and the present day 
[27], the second look, from the beginning of 1994 
until the present time [28]. 

1.4 Delay Fault Testing and Diagnosis 

Note that the delay fault is defined only for 
combinational circuits. Structural testing and 
detecting delay defects in the presence of any 
sequential element are complex. For sequential 
circuits, the built-in self-diagnosis is the main 
technique used for diagnosing delay faults. 
Sequential circuits have behavioral or functional 
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aspects that are the cause of interest, as well as 
temporal aspects, creating state diagrams or time 
descriptions, such as testing sequences and time-
oriented performance [29]-[31]. The detection of 
delay defects in the functional behavior of sequential 
circuits is an increasing problem as the frequency of 
the architecture increases. If delay defects in the 
functional behavior of a sequential circuit are not 
detected, the structural technique cannot detect the 
transition fault in the circuit [32]. 
All sequential circuits have internal state elements 
that latch the inputs or the outputs for the delayed 
generation process. The detection of delay defects at 
the latched outputs leads to the testing of delay faults 
in combinational circuits. Sequential circuits can 
exhibit two different behaviors: combinational 
behavior or sequential operation. In tests designed 
for the detection of delay defects, the existing in the 
operation of a clock is associated with the state of 
each memory element, which prepares the initial 
conditions for the test sequence execution. Three 
additional subtests must be used to isolate the 
transition defects in the functional behavior of the 
circuit. [33][34][35] 

1.5 A Review of the Direct Tester Board 
Analysis 

This section reviews the major studies on the tester 
board development for analog circuit faults. Our 
review found that all these studies employed some 
form of a commercial PCB or vero board. Some 
knowledge is needed in the actual production of the 
tester board for its application. The method for 
adding the tester board to the system under test is 
required. All prior works have addressed the 
electronic analysis part of the tester board and have 
provided some form of fault diagnostic capability 
during their construction. The tester board provides 
only some form of analog fault awareness, e.g., 
openings, shorts, and shunts during construction. 
The only fault identification provided is during the 
configuration of the tester board itself. The tester 
board derived from this project only provides a way 
of comparing the signals in the desired case with 
those for the actual. Additional results are needed to 
report the faulty state of the system under test. They 
are compared to the desired state; please clarify 
what these extra results are. With regard to the 
actual fault detection, analyzers, which are PC-based, 
high hardware cost, time-consuming, and complex, 
are employed. However, construction costs can be 
minimal with a low-cost, quick-to-build, easy-to-
modify, and use tester board. With desirable 
properties, scalability can be addressed, e.g., the 
number of pins given in the address bus and ISA code 
defined by the architecture for an 8-bit structured 

target. A 4-channel version 1 board used for 4 
address points is shown. 

2. Fundamentals of analog electronic 
circuits 

An analog electronic circuit is a device that is 
employed to produce electronic signals and 
operations in a continuous form. The consensus in 
the automotive, telecommunications, computers, 
scientific research, and important control processes 
for the industry is that the longer load depends on 
functions such as continuous, non-linear, complex 
use, and proximity to the use of electronic circuits. 
There are two emerging trends in electronics that 
are impacting this important method of prototyping 
and manufacturing. 
 
 

 
 
  Figure 2 Overview of Analog Electronic Circuits and Emerging   
Trends 

First, for prototyping purposes, at least, the device 
and processing technologies used are now 
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dominated by digital technologies, and these 
technologies are increasingly optimized for digital 
logic and communication functions at the expense of 
analog and mixed-signal functions [36] [37].  
Second, in a trend that is increasingly becoming 
nearly universal for modern electronics products, 
the design of these products is driven by a top-down 
process that starts from a system specification 
written in terms of functions and does not express 
the solution in terms of already standard building 
blocks such as commercially available analog and 
mixed-signal chips [38]. 
In above figure 2 that illustrates the role of analog 
electronic circuits in generating continuous form 
signals and their applications across various fields, 
including automotive, telecommunications, 
computing, research, and industrial control 
processes. It also highlights two significant emerging 
trends: the dominance of digital logic and 
communication functions in prototyping 
technologies and the shift in modern electronics 
design toward a top-down approach based on 
system specifications rather than standard analog 
and mixed-signal building blocks. 

2.1 Introduction to analog electronic circuits 

The importance of analog electronics is primarily 
due to three fundamental facts. The first point is that 
the physical world is analogous, and therefore, all 
signals from the environment are analogous in 
nature [39]. The second one is that information 
processing within the nervous system has been 
accomplished using analog signals, and the third one 
lies in the mathematical properties of electric power 
functions, which are crucial for the efficiency of 
analog signal processing. The number of 
components currently sold in the market that work 
as embedded in electronic circuits of different types 
is very large, and most of these components work 
with electronic signals that are analog in nature, 
including microprocessors [40]. 
Although the present analog circuits have high 
integration levels, occupying only a small fraction of 
the silicon area, they still make use of a topology-
type named operational amplifier for the execution 
of a vast range of typical or specific functions such as 
amplification or filtering. High-performance 
amplifiers can perform these functions in a much 
better manner, but at a higher cost, being no solution 
in those application cases for which it is possible to 
use operational amplifiers. It is important to observe 
that operational amplifiers are incorporated in the 
design of fundamental communication systems like 
telephony, and well-known physical effects existing 

in the circuit board, which supports these amplifiers, 
are responsible for the early noise among voices. 
[41][42][43][44] 

2.2 Circuit Components 

The fundamental components of analog circuits 
include resistors, capacitors, inductors, operational 
amplifiers, voltage and current sources. Generally, 
their relationship is represented by linear and non-
linear differential and algebraic equations (Figure 3). 
The diode, bipolar junction transistor, and the metal-
oxide semiconductor field-effect transistor are the 
most common and fundamental elements in 
semiconductor analog circuits. The connections 
between the terminals of these components were 
made based on the device physics and 
characterization. Depending on the connections, the 
terminal voltages and currents, as well as their 
mathematical relations, may vary. High-frequency 
and high-frequency equivalent circuit models for the 
active devices are essential in the investigation of the 
transistor for failures. In general, these models can 
be represented using equivalent circuits that mainly 
depend on the characteristics of the elements. The 
elements represented are capacitors, inductors, and 
resistors, and these depend on the connections 
between the transistor terminals. The adequate 
selection of the device and the equivalent circuit 
models to be used for fault detection requires the 
creation of a methodology based on fault simulation 
in bipolar transistor circuits. In numerous 
applications, depending on the terminal voltage, 
with credible reasons, it may be assumed that the 
transistor is an open circuit or a short circuit whose 
resistance depends on some design factor [45]- [47]. 

 

Figure 3. 1The circuits' initial section for verifying each electronic 
component separately. 
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Figure 4. Simulation of model

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Comprehensive Framework for Analog Fault Testing and Test Board Design 
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3. Fault Detection Techniques 

 In circuit testing, analog faults, particularly stuck-
open, stuck-short, and gain degradation faults, can 
be evaluated during the gain sensitivity check, 
which accounts for dominant fault models. 
However, phase shift and frequency response of 
the analog building blocks are completely ignored. 
The complicated high-level analog simulations are 
replaced with real-time testing simplifications. The 
hardware measurements are compared with ideal 
tester responses for error pattern identification 
from the ideal fault-free behavior. Vocational 
education and industry are the two areas in which 
analog fault identification technology is crucial for 
proper circuit operation.  
Direct access to analog inputs in order to modify an 
expandable high-speed testing can then achieve 
error pattern coverage. This is achieved through 
using the analog add and switch values feature of 
analog multipliers, which are embedded in tester 
networks. The test board is designed by integrating 
the ad-hoc solution for fault detection of all kinds 
of challenges into the tester. The design plan 
highlights a direct board with six input voltmeters, 
a voltage adder, an AC voltmeter, a single-channel 
oscilloscope, a frequency counter, two analog 
output circuits, two digital output circuits, and two 
digital input circuits. Analog knowledge in the 
mixed-signal domain is fundamental while 
characterizing and documenting analog device-
level designs. Capturing, analyzing, and 
understanding live analog circuits, and based on 
analog output, provide the design features. The 
refilling of the bucket analysis and transfer 
function determination of analog circuits is made 
viable with the direct tester board [48] [49]. 
 

3.1. Traditional Methods 

As pointed out, the traditional methods for fault 
diagnosis in analog circuits can be divided into two 
categories: those that use the response to a range 
of input stimuli for each test of a circuit and those 
that only use the individual response of each 
output in response to a single test stimulus.  
The first method belongs to the category of vector-
based testing,   
The second method is also called the watch-point 
technique.  
In summary, vector-based testing strategies are 
broadly categorized as multi-domain testing, joint 
time and frequency domain testing, and multi-
value testing [50]. The watch-point technique, 
which examines each output’s unique response to 
a single test stimulus, and vector-based testing, 
which uses the response to a variety of input 

stimuli, are the two primary approaches into which 
this figure 6 divides conventional fault diagnosis 
techniques for analog circuits. 
The vector-based analysis of analog circuits 
performs a vector of input and a vector of output 
responses for each configuration of the circuit. The 
proper circuit behavior is characterized by 
traditional measurements, such as the transfer 
function, impulse or step response, frequency or 
impulse sensitivity, and input and/or output 
frequency response [51] [52].  
 
These techniques might assist a fault diagnostic 
algorithm. In fact, the most efficient tools for 
diagnosing a set of faults using signal features are 
change detection techniques and clustering 
techniques. These fault diagnosis techniques, 
applied to functional tests, are also known as 
residual techniques based on the analysis of the 
fixed part of a linear system differential equation 
model, which estimates the changes in the circuit 
parameters. The generation of the reference values 
is a fundamental issue and the main factor affecting 
these strategies. Therefore, these techniques may 
not be enough to help in the test response analysis 
of circuits, which naturally presents highly variable 
features due to the changes in the circuit transfer 
function [53] [54]. 
 
 
 
 

 

 

Figure 6. Traditional Methods for Analog Circuit Fault 
Diagnosis
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3.2. Advanced Methods 

In this section, advanced methods are briefly 

reviewed, as the details of some of these methods 

are presented in the introductions of the reviewed 

papers. This review only provides the context of 

the introduction, whereas the reader can find all 

required details about the studied work, including 

motivation and contributions. The necessity and 

state of the art of each proposed method are 

detailed and explained in the results and 

discussion sections. 

According to the achieved review, the advanced 

methods proposed for fault detection in analog 

electronic circuits are as follows:  

A universal fault detection method is dedicated to 

the employed board for the practical realization of 

the given approach and the advantages invoked by 

the proposed method; a custom method involves 

hands-on work based on the specifics and 

knowledge/experience about the circuit in use, as 

well as the significant creativity of the engineer 

involved; a brilliant method that is not a simple 

combination of the two previous approaches, but a 

part of an optimal and practical way of 

implementing any of these two methods. 

Moreover, a very recent fault detection approach 

designed a fault detection and isolation scheme 

based on machine learning as a decision-making 

tool in domains such as artificial intelligence. This 

approach focuses on formulating decision 

problems in terms of optimization problems and 

designing efficient procedures that provide nearly 

optimal solutions to these problems with relatively 

little computational effort. The associated 

properties of learning and how complex intractable 

problems can be analyzed by focusing attention on 

some carefully chosen sample problems and 

identified solution procedures are also addressed. 

[55] [56] [57]. 

An overview of different fault detection techniques 
in analog circuits is shown in above figure 7. These 
techniques include the dedicated method, which 
emphasizes board-specific benefits and practical 
implementation, the custom method, which 
depends on the engineer’s creativity and hands-on 
work, and the smart method, which best combines 
the two earlier techniques. It also presents a 
contemporary method for fault identification and 

isolation that uses machine learning as a decision-
making tool. It emphasizes the design of 
optimization problems, effective problem-solving 
techniques, and the use of properly selected 
sample problems to analyze complex difficulties. 

 

Figure 7. Modern techniques for analog circuit fault 
detection. 

 

3.3. Delay Fault Testing and Diagnosis 

For delay fault testing, as the proposed resistive 
fault model combines the parallel and series 
models, the RAPID rule is still retained for delay 
fault detection and analysis. The proposed 
detection method stands high as the defects to be 
detected may have a considerable effect. The only 
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thing is that the test vectors, whether they are 
ramp input vectors or not, may not ensure high 
transient voltage unless the delay fault is exactly 
located at the detection point because, due to the 
effect of low nearest resistors at high frequency, 
the ramp signal may not be strictly followed in a 
perfect form in the circuit output of the fault-free 
version of the circuit under test. The output 
patterns may still remain high, as the characteristic 
output patterns retain their nature, which varies 
with the delay fault [58] [59] [60].  1) the ABSV 
measured at the fault increases or decreases. 2) the 
delay decreases. 3) the positive slack at the 
launching flip-flop decreases. 4) the positive slack 
at the capturing flip-flop remains the same. 5) the 
transition time decreases. 
Additionally, the detection of delay faults and the 
extraction of information about the detected faults 
are made possible by relaying four pairs of outputs 
from the first derivatives to the test station. RCC is 
provided to become level 0, forcing its adjacent 
logical values in order to promote accurate testing. 
In diagnostic testing, FIFO is not used because if 
there exist any shorts, the AND gates constructed 
with data are useless. The structure was proposed 
directly throughout the diagnostic process to 
accelerate the diagnostic time. 
 
 

3.4. Path Selection for Delay Testing 

Selecting paths for delay testing in digital circuits 

depends mainly on the heuristics implemented in the 

logical model of the circuits. However, ARC testing 

must apply knowledge about paths with electrical 

properties strongly connected to the technology in 

order to select the best procedures for applying 

stimulus and measuring observables. The sensitivity of 

the transition delay of the path to the variation of 

technological parameters is a criterion for ARC tests. 

Paths are selected in the order with the greatest 

sensitivity to delay variations. Transition delay testing 

selects paths by logically connecting sources with 

appropriate means to output enable signals in the 

output interface of multiple gate circuits. When a 

certain path, called a comparison path, becomes the 

longest path from the launch flops for up-switching 

all-fault detection, the inputs of the comparison path 

and the buffers of the comparison paths are connected 

to the non-faulty paths, and the longest path from the 

launch flops is assigned with a regular combination of 

comparators figure 9 [61] [62]. 

 
Figure 8. Delay Fault Testing and Detection Method  

 

Figure 9. Path Selection for Delay Testing in Digital Circuits 

https://ajes.uoanbar.edu.iq/


70                                                                                         Elaf Hamzah Yahia / Anbar Journal of Engineering Science, 16, 1, (2025) 61 ~ 82 

 

 

Full Article Title   Review Analysis for Fault Detection in Analogue Electronic Circuits …..                                                         (Elaf Hamzah Yahia) 

A crucial problem in transition delay testing is the 

automatic determination of the comparison paths. 

Drawing all the comparison paths in line with the 

conventional design method is impossible because 

many internal nodes with redundant properties, such 

as stacked transistors for large output interfaces, will 

be required. When the comparison paths traverse the 

longest paths from the launch flops, the circuit test 

architecture can be implemented in a similar way with 

a test path of the slowest phase. However, we must 

consider the trade-off property that, while the 

comparison paths must be constructed using the 

regular structures as much as possible, they need the 

highest sensitivity compared to the other paths. The 

design tool we developed features an algorithm that 

takes into account the number of error signals 

appearing in the currently assumed comparison paths. 

We employ an algorithm that enables us to optimize 

the placement of the comparison paths without 

identifying the entire longest paths. Through the 

collaboration of these techniques, the reduction of the 

longest paths serves as a by-product, enabling all 

comparison paths to utilize the minimum average path 

length with regular structures [63]. 

4. Direct Tester Board Technology 

This section presents the main features of the Direct 

Tester Board technology. The DTB is a reconfigurable 

device developed to support the implementation of the 

direct tester equipment. It allows the monitoring of any 

internal node and the application of test and diagnostic 

inputs in analog and mixed-signal integrated circuits. 

This system allows the direct interface with the 

contacts of a specific IC package before its use in the 

production of end-user electronic equipment. The 

DTT is based on a multimode, dynamically 

reconfigurable device composed of DC-gain 

amplifiers, sample-and-hold blocks, buffers, switches, 

and nodes for connecting other external high-level test 

and diagnostic systems or instruments. The DTT front-

end architecture features a reduced number of 

dedicated nodes and a flexible access management 

mechanism, which saves space and prevents the 

limitations of independent direct connections with all 

the integrated circuit internal circuits under test. The 

DTT back-end was designed to redirect node signals, 

specific input patterns generated by an external 

system, and test and diagnostic clock modes to an 

input device terminal. This section provides a detailed 

description of the proposed system's architecture. The 

proposed Direct Tester technology is based on the 

development of a dynamically and adapted 

reconfigurable direct tester board. The design explores 

analog and digital adaptation techniques to reduce the 

number of circuit performance measurements required 

for some targeted electronic system specifications and 

to increase the number of implemented test challenges. 

4.1. Principles of Operation 

This section refers to the direct tester board of the 

review analysis procedure for classical fault detection 

in analog electronic circuits. The primary purpose of 

the procedure is clearly to support the educational 

activity. A typical application is the study or 

experimentation of the networking effect of 

components connected to the output of an operational 

amplifier. The testing procedure could include a 

suitable part of the teaching program for a basic analog 

electronic course. In particular, the procedure could be 

included after the conventional study of the topic and 

the experimental laboratory about that. Also 

considering the didactic purpose of the direct tester 

board, we must consider how the proposed application 

operates. The direct tester board is inserted in a simple 

testing bench with a regulated power supply always 

energized. 

When the circuit switches, the operational amplifier 

energizes the turn-off pin and the real on/off pin, 

which allow the turn-off and the real inactivity state of 

the NMOS and NMOS, respectively. At the same time, 

the operational amplifier turns on the photo-coupler 

opto-receptor. The transmits light to the photo-resistor 

contained in another component. The photo-resistor 

energizes, with a power supply voltage of 5 V, the 

supply pins of the IC and IC, respectively, realizing 

the level conversion among 24 V, 12 V, and 5 V. The 

supply pins do not have the power required by the 

amplifiers, which are supplied by the input voltage 

divided by 2 via a voltage divider. realizes the voltage-

controlled voltage source that feeds the thermostat. 

realizes the voltage-controlled current source that 

replaces the temperature sensor on the vocational 

training equipment. A buffer is used to verify the 

proper operation of the first component. The latter is 

used with the typical open-collector configuration and 

an NMOS is used as a current generator to feed a 

resistive inductive load according to the proposed 

topology, superimposed with the diode. When we 

want to simulate the occurrence of an electrical fault, 

we operate the switch lever. 

4.2. Advantages and Limitations 

Although direct tester development may yield useful 

tools for many applications, it cannot be applied to all 

types of systems. In many physical systems, the 

measurement activity itself perturbs the system, 

making such measurements intrinsically non-

disruptive. Examples include faulty injector-based 

systems and hydraulic systems. Despite these 

limitations, the direct tester still offers several 

advantages over standard testing methodologies, 

instrumented test boards, and flexible external 

instrumentation. In particular, the embedded tester 

aims to address the needs of its primary user group, as 
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well as the versatile design and testing user groups. 

The key advantage of the direct tester is that it 

eliminates the need for expensive and disruptive test 

equipment, instead utilizing the requisite control and 

measurement capabilities found in many processors 

for normal operations. The direct tester, by creating 

elaborate configuration strings for individual 

components, can transiently fix states using the 

instrumentation circuit and confirm them by 

protecting sequences that were previously shown to 

have no harmful effects. The primary application of 

the direct tester, as its nominal user, is suitable for 

creating similar sequences without needing to visit the 

bench in advance. The direct tester also accommodates 

complex tests directly and flexibly, and can be 

performed at the same frequency as typical conflicting 

frequencies. Scanning tester increments are typically 

the longest points in a verification system because this 

processor does not have to dedicate processing 

resources to other user applications or to the test at the 

rated processor voltage. 

4.3. Direct Tester Board Analysis 

This section evaluates the direct tester board model-

based fault detection method using two different AC 

tools. The detection capabilities, setter responses, time 

constant, leakage current, over-detection, and realistic 

testing conditions associated with the AC analysis are 

presented. For comparison purposes, the proposed test 

system is compared with the dynamic range and 

connectivity block analysis methods. A good detection 

is when the proposed method detects a fault that no 

other method can detect. The contrapositive test is also 

valid. Using a specific algorithm can help reach poorly 

grounded points, for which the practical tester bed 

cannot adequately measure the circuit, and thus obtain 

a poorly grounded measurement. This can be achieved 

by simply applying a relevant equation, which is 

already implemented in the tool. For both AC tools, 

the complete direct model is rich enough to produce 

the complex and often non-linear device behaviors, 

times, and currents necessary for the proposed fault 

detection application. Comparator output tests, for 

both the dynamic model and the collector current 

measurements, remain efficient and can be accurately 

determined to within a variable ground definition 

resolution of approximately 1000 points. These tests 

are fast, so that efficient outcome comparison and final 

test time requirements can be met, at the expense of 

high-speed communication and software and hardware 

systems that can be sufficiently incorporated to avoid 

incomplete or overlong test pattern scans. Rise times 

and fall times with orderly fast charging and 

discharging of the device collectors due to added 

biases can be inferred. The fine-tuning of the base 

currents and rise times to enforce the level-protected 

tests is fast enough to manage an otherwise 

predictable, unattenuated, and reversible global bi-

stability. Fault responses to the tester. 

 
Figure 10. The diagram outlines the structure and functionality of 

the Direct Tester Board technology, detailing its components, 

architecture, and applications in analog and mixed-signal IC 

testing 
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5. Principles of Fault Detection in 
Analog Circuits 

This section presents a detailed explanation of the 

principles, advantages, and drawbacks of the new 

method for fault detection in electronic circuits. 

Additionally, we demonstrate the operation of the 

proposed circuit. Finally, we outline the most critical 

limitations that will be considered for future research 

in the next section. 

The principles of fault detection in analog electronic 

circuits are based on a new method. the analyzed 

circuit under test is directly connected with some 

commercial instrumentation to precisely control the 

voltage at the input of the circuit at discrete points 

during the designer-specified range. This battery of 

voltages is estimated using a system of memories, 

which is typically more costly than the wireless 

replacement technique mentioned for classroom or 

educational appliances. After possible amplification 

and filtering functions, the inputs of the tested circuit 

are driven by a multiplexer, which allows the selection 

of each memory block for the voltage control. With no 

interest in implementing more complex circuits, we 

assume the voltage is equal to zero whenever the 

equipment is not handling it. At the output of the 

circuit, the tester obtains the corresponding response 

and directs it to the corresponding facility, which is 

integrated with the test equipment used. 

 

5.1. Role of Direct Tester Boards in Fault 
Detection 

The role of Direct Tester (DT) boards in fault detection 

is to output test signals that allow the identification of 

potential faults in every part of the circuit under test. 

With typical DT boards, fault detection can be done by 

observing the variation of these test signals while the 

circuit is working correctly and by analyzing these 

signals afterwards. For instance, with the DT board for 

generating the reduced fault list, this task is achieved 

by an external system of neurons developed 

specifically for this purpose. This system, once 

trained, can detect the existence of a fault in the circuit 

under test by the observation of the respective digital 

outputs. Another approach, called the inverse look-up 

scan method, based on the well-known scan-path 

digital testing technique, seeks to identify where the 

analog fault is by means of the DT for fault detection.  

Note that it is also possible to introduce a flow on the 

use of the information obtained from the digital 

outputs of the DT and/or neurons in further diagnostic 

reasoning over current and voltage oscilloscope traces 

to prioritize, in a more heuristic fashion, the remaining 

time-constrained testing steps. 

The testing problem under study uses the same 

hardware necessary for fault detection when compared 

to previous direct tester designs, with the advantage 

that, because of the designer's need for the BD signal 

(already present in the test access mechanism), no 

extra effort is required during the implementation of 

digital testing to obtain a reduced fault list. In this way, 

the digital fault detection process used during the test 

phase, which precedes the fault simulation, is also 

accelerated. It is common to incorporate nonlinear 

digital testing with specific devices, chips—or, 

effectively, modules—when it is known that 

individuals working specifically with those devices 

can benefit from additional information about the 

responses. This concept can be extended to specific 

case modules focused on tests for dynamic fault 

detection in all these different types of circuits. In 

particular, when complex circuits have to be tested, a 

new test module should allow people to use the test 

information that is not actually exposed to test the 

circuits on the device itself. 

 

5.2. Advantages of the Direct Tester Board 
Analysis 

The current analog circuit’s reliability verification 

occurs over exhaustive testing of devices equipped 

with a parametric tester and a direct current board, 

examining just a limited set of input voltage 

conditions. The proposed tester board is a better 

alternative to execute exhaustive tests specifically in 

the analog fault detection process. The features of the 

tester board are analyzed from the detected fault 

coverage values obtained from three different analysis 

approaches. The physical manifestation of the signal 

path isolation this proposed tester board performs and 

solves the modeling related problem. The loss 

scenarios as a function of the isolation path-

independent path combinations are presented, and the 

lower power consumption will make the circuit work 

in high meantime between failures. 

However, the cost of both development and service is 

expected to increase substantially because of the 

difficulty associated with using their embedded test 

after the fabrication response and the high cost of 

capturing and analyzing a huge amount of test data. 

Self-test methods are used to test semiconductor 

testing for the manufacturing environment in a cost-

effective manner. This additional circuitry presents 

two issues: how to model the diagnosable circuit and 

how to develop diagnostic data that unfold the fault 

during self-testing. 

5.3. Limitations of the Direct Tester Board 
Approach 
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Limitations of the Direct Tester Board Approach. 

There are several limitations to the direct tester board 

approach to fault detection. First, the nature of 

potential software or microprocessor fault capabilities 

themselves is such that they can prevent characterized 

faults from executing. This ultimately is not a 

limitation to the software so much as the method 

chosen to communicate the external electronic support 

to the subject circuit. The potential number of 

components is very high, and it is not feasible to cater 

for all possible types. In terms of component coverage, 

the type of circuit under test and any irregularities in 

the component packages may entirely limit the 

suitability of the approach. In addition to component 

coverage, there must be stylistic rules or constraints 

for the design of the circuitry under test. These rules 

prevent, or at least prevent, issues such as components 

being too tightly abutted. 

As the system is powered up, the electronic system 

voltages will increase from 0 V full scale, i.e., the 

power supply turn-on voltage, and then undergo a 

transition period before remaining stable at a 

predetermined value. In most mixed-signal boards, the 

form of the test stimulus may need to be modified to 

enable the correct testing of power-up and power-

down operations. For example, the majority of tests 

require interface protocols to be in place, such as 

reading and writing to certain test latches. This read 

and write and potential lack of precision on the 

stimulus is potentially an issue as the power lines 

increase from 0 V to their nominal operating value. In 

the deterministic switching pattern phase, a failure 

junction occurs when the current flowing due to a fault 

exceeds the quiescent current of a normal junction, 

resulting in an open circuit. As the system is powered 

up, the electronic voltages will gradually increase 

from 0 V to their nominal operational value. As the 

voltage is being driven to a constant value, digital 

systems may be at any number of states, voltage levels, 

at unknown logic levels. In the worst-case scenario, all 

the digital circuits are at mid-rail levels. The direct 

tester would not be able to apply a stimulus to force 

the transition from one state to another. 

5.4 Comparison to Other Fault Detection 
Techniques 

We present the results to compare the performance of 

the tester designed using the non-invasive technique 

with that of other fault detection techniques. First, the 

results indicate that this tester discriminates between 

SNR faults and other types of faults. Second, the 

percentage yield achieved by the tester is higher than 

that of the complete fault detection approach. 

However, the tester classified every BAR481 as faulty, 

including all the original components without any 

defects. Analyzing these components, we concluded 

that insufficient S/R was the reason for the 

classification fault. This disadvantage can be 

compensated quickly by using and modifying the 

approach with the non-invasive technique to produce 

a better calculation of the p.d.f. SNR models for the 

whole set of components. In conclusion, by using, 

modifying, or implementing new approaches to 

compute the various models of components, the 

technique can quickly produce a high-performance 

tester by achieving a combined high-test yield with a 

high-value classification fault. 

 
Figure 11. Visualization of the tester’s performance analysis, 
the identified issues, proposed modifications, and the 
conclusion emphasizing improvements for a high-performance 

5.5 Trends in Analog Circuit Fault Detection 

The applications of analog and mixed-signal 

electronic circuits in a broad range of devices and 

systems used in areas such as telecommunications, 

medicine, defense, and consumer electronics require 
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special attention in their verification, testing, and fault 

diagnosis procedures. The reduced number of 

controlled tests by equipment involved in the analysis 

and diagnosis of these circuits has necessitated the 

development of techniques that enable the detection of 

failures that are typically difficult to identify or that 

cause the circuit to exhibit incorrect behavior. 

Functional defects in analog and mixed-signal 

electronic circuits can result in low quality in several 

areas of application, compromising these systems and 

their applications. The development of innovative 

diagnostic technologies that operate within this range 

of circuits enhances the design, testing, and production 

processes of electronic devices and systems. fault 

detection is used to determine which component has 

failed. In analog circuits, it is necessary to produce as 

many signals as faults involved in the diagnosis. The 

main problem is acquiring the signals that can reveal a 

fault. This is a consistent problem, mainly for analog 

and mixed-circuit designs. This work presents the 

development of a technique to detect faults on actively 

loaded differential pairs with grounded loads and to 

identify the faulty component using the Direct Tester 

Board tool. The difference from the existing works is 

the unique solution presented to detect and identify 

circuit faults. The paper is organized as follows: the 

planned solution is presented, followed by some basic 

information, and then the procedures for detecting and 

identifying faults are outlined. 

6. Applications of the Direct Tester 
Board Analysis 

This paper aims to demonstrate the practical 

application of the Direct Tester Board (DTB) approach 

for fault detection in analog electronic circuits. A basic 

standard operational amplifier, in its differential, 

inverting, and non-inverting configurations, was 

targeted for analysis. A constant gain is set in each 

configuration. The tolerance of the resistors to 

deviations can be thoroughly investigated. Two 

restricted experimental ranges were used for 

component compensation and DTB testing. Both ideal 

and realistic prototypes can be parameterized. The 

mathematical calculations are always compared with a 

digital simulator for DTB production. The basic idea 

is to demonstrate how to apply the DTB for fault 

detection based on experimentally observed results, 

with a didactic objective for the R and A levels. The 

potential benefits that the direct scheme 

implementation can bring are also being observed. 

The enhancement of the DTB approach for fault 

detection, based on thresholds and judged results per 

operation, can be configured under parameterized 

patterns. Such quantitative thresholds followed by 

qualitative maximum tolerances per passive 

component in a whole power amplifier are 

demonstrated as a considerable advantage for mass 

testing, where a green light can indicate a pass/fail test. 

The digital board tester protected non-soldering direct 

scheme approach has the true potential to disclose 

component deviations in crucial conditions. The 

several applications of the device under test for three 

simulations of bridge and differential measurement 

models and some case studies can essentially evaluate 

the experimental correction of a passive component to 

compensation schemes, basic instantaneous, and 

standard linear fault detection. Some indicative 

practical thresholds validation operational amplifier 

tests are further observed. 

6.1. Theoretical Foundations of Fault 
Detection 

When an analog electronic circuit is working, the 

output is dependent exclusively upon the parameters 

required by the analog circuit’s theory. If these 

parameters are intermittently changed, this situation 

can be discovered from the results produced by a 

circuit because its behavior can be different from the 

expected patterns. Both the performance of an analog 

circuit and its behavior are closely related. To 

diagnose a faulty circuit, it is sufficient to compare the 

circuit's behavior with the expected behavior. In this 

study, the expected behavior was considered to be 

based on the parameters of the transfer function, which 

is an important type of characterization of an analog 

circuit, and also the tests applied to a certain 

implemented solution. 

The possibility of detecting a failure in a symbolized 

and disassociated manner through the analysis of the 

transfer function or the analysis of test behavior is 

interesting to register before anything else. Faults can 

occur by different mechanisms, and the most favorable 

situation would be to exploit this knowledge to choose 

a single method that is able to verify all the possible 

lingering causes of repair. However, the number of 

combinations of the mechanics through which a 

component may fail is very high. Consequently, a 

method that can respond effectively to the detection of 

any type of failure looks increasingly far-fetched. 

6.2. Experimental Methodologies for the 
Tester Board Analysis 

During the development of the proposed method based 

on the DTB, some experiments were conducted to 

observe the feasibility and tune the variable values into 

the method. Initially, a set of 11 analog electronic 

circuits with single or multiple faults was gathered. 

The faulty semiconductors are associated with failures 

that can be developed with a hot source. In this way, 

laboratory experiments have replicated the damage. 

The hot source technique was used with a planar 

source based on an energy dissipator. The fault 

insertion procedures were carried out in 42 
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semiconductor devices, and the selection of faults was 

based on previous tests to determine the highest levels 

of entropy. Subsequently, a set of diagnostic rules 

divided into emphases in junction and dynamic 

resistance were established and classified into three 

levels of priority. Additionally, there was already 

emphasis on these diagnostic rules. The diagnostic 

rules classify different group types, including diodes, 

BJT, FET, and BFR. Then, based on the connections 

of each group, adapters were designed on a digital 

protozoa. In addition, purposeful measurements were 

taken for voltage, intensity, and the subsequent 

calculation of association resistance and time 

constants. Additionally, the professional multimeter 

connections for each set of measures relevant to the 

diagnosis were illustrated. 

7. Data Processing and Interpretation 
Techniques 

In the Gallery program, digital images of the printed 

circuit boards are obtained. The shape of the resistors 

on the tested board is rectangular or square, which can 

be easily identified with proper knowledge of their 

values. The Hough Transform converts the rectangular 

shapes of the resistors into their equivalent resistive 

values. One of the important parameters is the 

threshold value. This corresponds to the minimum 

number of points that should be found to correspond 

to the noisy pixels in the resistor segments to be able 

to recognize them. The resistor detection is robust to 

the presence of false edge points by a selection process 

incorporated into the Resistor class definition. All the 

errors arise due to detection problems caused by two 

clusters of line segments and short-circuited resistors. 

Our general scheme for automatic fault detection and 

diagnosis of the analog filter’s PCBs is to examine the 

relevant analog component performance for each 

module, periodically searching for any behavior that 

differs from that of the tested board. An inaccurate 

parameter threshold or suspicious parameter range is 

determined between two different available printed 

circuit boards on the same nominal values and the 

present on the board. Upon the detection of a circuit or 

a specific component fault, the identifier and location 

of any possible cause of failure are displayed using the 

principal component's value. These capacities can be 

accelerated by modifying the rules that define validity 

checks or parameter thresholds for specific 

combinations of component values. 

7.1 . Challenges in Implementing Tester Board 
Systems 

Considering that the test system is to be part of a 

manufacturing environment of electronic circuits and 

modules, which typically operates continuously 

throughout working hours, it takes into account the 

fact that this system becomes a computational and 

electronic processing system with low response times 

when stimulating circuits. The promptness of 

responses to disable any incorrect behaviors of test 

signals on the outputs of the circuits is important to 

avoid possible damage to the circuits themselves when 

driven in abnormal operating regions. The direct board 

tester system should have a sophisticated application 

for processing the board/counter-pin output signals. 

This application should be able to locate the instant of 

each known sequence of signal types when interested. 

In particular, it should have specific procedures that 

consider the context of each event identified in the 

sequences of signals. These procedures evaluate and 

store response values to excitation signals and make 

decisions about the circuit replies in the context of 

plain interaction in the circuit. 

Because the application has to respond to each of the 

identified events in the sequences obtained by 

stimulating the circuits, rule expressions that monitor 

these events are described, as well as the register 

windows and interfaces used by these expressions. 

Due to the characteristics of these systems and each of 

their operations, it involves the utilization of a number 

of specialized resources, including data acquisition 

circuits with programable source signal directions, to 

test the physical model, memory management, as well 

as computational resources with an economically 

automatic attitude from the user's point of view. The 

design deals with fast activities mainly in real time. 

This design process could be guided by high-level 

specifications and synthesized to descriptions. The 

software components could be used to ease the 

technical development of the board, mainly for the 

specialized resources identified. Signal processing 

tools could allow porting the system for specific 

applications, as well as processes that combine the 

estimated robustness and scaling levels of the system. 

 7.2. Integrating Tester Boards with the 
Circuit Design 

The aim of a tester board is to bring input signal 

sources and monitor the response to the circuit under 

test, as well as the digital fault detector algorithm in 

order to determine if there is a circuit fault available to 

a user. Thus, the main effort is integrating the tester 

board as well as its components into the existing 

circuit design and interacting with the user’s design 

tools. The time taken to create a fault detection system 

determines the usefulness of such a prototype; 

therefore, decreasing it is of great importance. This 

can be achieved by integrating the fault detection 

functionality right from the circuit design stage. 

Resistive bridges are a common block found in many 

designs. Fault detection for these blocks translates to 

the same typical approach. 
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The digital CMOS resistive bridge implementation is 

compatible with typical tester board components. 

Existing design tools take advantage of typical 

foundry components such as inverters and buffers. A 

fault in a bridge occurs when a resistor node is 

disconnected from its corresponding bus and has no 

functionality. R3, R4, and the output node can be 

shorted to simulate this error. These cases can be tested 

during the functional circuit validation along with the 

resistive bridge verification. It is useful and can be 

performed exclusively for test. The results from the 

early stages of the design ensure that the end design of 

a fault detection system is a good engineering solution. 

Integrated fault detection components are the 

preparatory steps in creating a market for circuit 

designers. 

7.3. Reliability and Robustness of the Tester 
Board Solutions 

The combination of a pattern generator, a voltage 

buffer, a fault detection system, and a sensing buffer 

provided a functional prototype. Still, none of the 

presented universal board tester solutions were fully 

designed to be versatile enough to allow their use 

without the need for external equipment. Moreover, 

previously developed direct tester board equipment for 

particular fault detection, as subsets of the described 

equipment, are used for pre-processing and initial 

validation assessment. In this work, the ultimate 

objective was to assess its capabilities as a realistic, 

stand-alone fault detection solution. With the 

increasing difficulty of validation in testers designed 

for modern electronic boards, immediate automatic 

self-test capabilities are helpful. 

Minimizing the external requirements and increasing 

the robustness and reliability of the solution are typical 

features in an authentic design for a test problem. With 

the increased fault detection load, it is expected that 

the user will utilize this solution for both stand-alone 

electronic equipment and cell phone-sized electronic 

components, as well as the respective development kit 

motherboard interfacing circuit starter kit devices. At 

the same time, the added development time, the 

increasing price of the units with the more complex 

circumventing equipment, and the requirement of a 

more extensive communication and interface resource 

library to deal with the larger quantity of offline 

connection equipment promote the user acceptance 

problem. The previously described hardware fault 

detection optimizations balance the above problem so 

that a lower total order quantity of different target 

application fault detection board solutions is designed 

to allow easy interfacing to the same, already existing, 

cooperation microcontroller board template. 

 

8. Case Studies of Successful Tester 
Board Applications 

This chapter presents four case studies of successful 

applications of the proposed analog fault detection 

platform. These case studies represent different types 

of hardware and software test systems developed, the 

possible in-circuit operation conditions, and real 

application scenarios of these test systems in different 

analog products. The case studies demonstrate the 

practicality of the analogue fault detection platform 

and facilitate the usage and understanding of the 

proposed platform. 

The first case involves a machine vision-based 

calibration and testing system. Based on a digital 

camera and a standard signal processing board, this 

hardware test system can detect particular defects in 

the tested analog video cars. The second case study 

concentrates on an infotainment system. The design 

and development of an infotainment system suitable 

for the environment, testing the sound/audio section of 

the infotainment system with the provided tuner 

hardware test systems. The third case presents a 

mobile phone radio section test system hardware. The 

last case shows how to apply the tuner hardware tests 

with the software test systems. In this case study, a 

video capture card can be used to realize real-time 

testing. By capturing composite video outputs, the 

image of the analog video on the DUT can be treated 

as an observation signal, and relevant test algorithms 

can be applied to test the system health and identify 

malfunctioning circuits. 

9. Future Directions for Direct Tester 
Board Research 

In the past, some studies have presented studies related 

to the Direct Tester Board, using it to test digital 

electronic systems, introducing specifics about the 

boards used in experiments, and presenting an analysis 

based on Karnaugh mapping. Then, with the 

development of the boards available here, 

experimental studies were also performed, testing 

analog electronic systems for the first time, verifying 

the feasibility of the technique. This study investigated 

the results obtained for the various electronic 

configurations tested during the experiments carried 

out to offer suggestions when the Direct Tester Board 

is being used for this application. We also believe that 

there is potential in testing analog electronic circuits 

with more complex behaviors. Other possibilities may 

involve various other interface types, such as a board 

that selects the values of a transmission circuit and/or 

power supply to test all or part of a UUT powered by 

a battery. Although the designs can be easily adapted, 

converted, and might even be combined to form the 

so-called “Direct Tester Multifunctional Board,” all 

theoretical developments are as mature and proven as 

those already achieved in practical experiments. In 
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particular, maintaining them in an agreement process 

with scientific inquiry and the teaching-application 

process is essential. In this respect, many works in the 

form of documents, software, and summaries will be 

of interest. Only scientific and applied experiments 

will be able to enrich this cycle of new developments 

from the designs. Finally, we stress the importance of 

sharing, promoting, and inviting all those interested in 

collaborating with the developed designs and the data 

obtained in this research. 

9.1. Practical Considerations for Tester Board 
Deployment 

Depends on the height of the real circuit and tester 

board; it may induce bridging caused by the 

mechanical toughness. Hence, normally, robust 

mechanical test pins should be used, and long rigid 

bare wire links should be avoided. With robust 

mechanical test pins, consider the height difference 

visually and correct the position of the tester board and 

circuit for each test. Problems at this stage of the 

project will be significantly lower. For experiments, a 

laboratory notebook or a PC mounted on the tester 

board was used to log the readings and debug the 

implications of the results. The GUI should be used for 

the measurements. 

The typical 0-5 V input from the signal generator or 

DAC will be connected to the character card through 

the test pins, as specified in the standard analog input 

section of the tester board user guide. The analog pins 

will be selected by programming the character card 

and using a SET command from an easy framework 

program interface on the PC, which serially interfaces 

with the board. After the test points are connected 

using the correct test fixtures, a controlled tester board 

manual measurement will be made using the 

multimeter, with the result being analogically 

interfaced with the character card and also digitally 

interfaced in the schematic on the card to detect the 

actual fault in the analog circuits. Depending on the 

schematics of the complex coupled analog circuits, the 

first tester board analog tester unit will be switched on, 

manual measurements will be taken, and recorded. 

Then, the analog tester 1 will be switched off, and vice 

versa. Through the observed measurements given 

repetitively with a normal determination-based t-test 

model, the test units will comment on which exact part 

of the analog circuits the fault exists. 

9.2. Standardization and Regulations for 
Tester Board Use 

Currently, there are no specifications to establish a 

common standard for the use of tester boards for 

analog circuits. This lack of standardization leads to 

different approaches for the design of the tester boards, 

resulting in products with different characteristics. The 

developed tester board is intended to be used in 

electronics analog education and fill this present 

absence. Moreover, the development of exercises and 

practical sessions in the electronics area for testing 

analog electronic circuits through the use of the 

developed test board helps students experience the 

operation of automatic test equipment during their 

early training, thereby familiarizing them with ATEs. 

Regarding the use of tester boards for electronic 

analog circuits, there are currently no standards 

governing this area. The development of a standard is 

essential because ATEs are increasingly in demand in 

industrial processes. There is also a lack of tester 

boards that focus on educational purposes. In this 

work, attention is given not only to the cost aspect but 

also to the ease of development, construction, and 

repair. It is of paramount importance in the educational 

context to have documents such as diagrams, 

construction habits, test documentation for finished 

assemblies, and a code to obtain and modify the same. 

However, the usual tester boards do not contain such 

information. In addition, tester boards do not use 

virtual instruments, which today help  make ATEs 

economical, which involve a curve tracer under its full 

load. 

9.3. Emerging Technologies Impacting the 
Tester Board Analysis 

Tester boards for fault detection in analog electronic 

circuits have been used consistently since 1940, 

verifying accuracy and resilience in many 

applications. However, some characteristics inherent 

to analog techniques, particularly the superposition of 

signals and design tolerances, may shift, altering 

deterministically expected measurements, which will 

impact the fault detection table of the board and may 

even generate false errors. This process can be 

accelerated by three groups of emerging technologies: 

technologies related to analog components, such as 

track and hold or bucket brigade devices; emerging 

technologies impacting analog techniques, such as 

fuzzy logic, which modifies the measured 

characteristics of time and frequency; and 

technologies related to measuring instruments, which 

can perform automatic functions to compensate for 

measurement distortion. Once the origin of the fault 

that generates the new measurement approach is 

identified, a significant part of the fault detection table 

can be recreated, and a new approach is established for 

analog techniques. The remaining parts of the fault 

detection table can only be modified manually. 

Assemble technological components to implement 

segmented or multi-resolution converters providing 

the ability to integrate a diagnostic test and improve 

performance, among them: types of classifiers based 

on analog techniques, evidence recognition 

mechanisms, isolated vertical thresholds with 
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integrated memory in ideal amplifiers, and identify 

and establish ideal manufacturing tolerance 

conditions. Create parametric models to predict the 

error of specific analog circuits caused by design 

tolerances, eliminating the need to fabricate integrated 

circuits for experimental verification. Mitigate the 

impact of analog design tolerances by intelligently 

choosing from one of three approaches: shifting the 

fault detection table, recalculating constants or test 

functions in use, or minimizing the usage of certain 

components in the diagnostic test. 

10. Cost–benefit analysis of Direct Tester 
Board Adoption 

Nowadays, early fault detection in production lines is 

essential to the success of any industry. There is a 

growing interest worldwide in increasing the 

reliability and reducing the maintenance costs of 

analog circuits, along with the increasing demand for 

electronic systems with a high density of 

interconnects. The electronics industry can utilize 

various techniques to directly detect faults in analog 

circuits. However, most techniques are based on the 

application of standardized tests, which involve high 

costs when the analog circuit is still in its prototype 

stage, especially in large-scale production. A cost-

effective solution is the direct tester board. 

The direct tester board allows for immediate fault 

detection, thereby increasing the productivity of the 

prototype production line in the industrial process. The 

components are tested according to the IC functional 

signal or pins. It involves low experimental costs, low 

implementation costs, and low complexity. It is 

independent of the power supply, clock, or any 

complex synchronization, and is portable and 

reusable. It does not require any active components 

beyond those dictated by the standard tests. It is also 

capable of performing universal ATE measurements, 

including functional and parametric measurements. 

Additionally, the signal acquisition is compliant with 

the tester requirements when the automatic test 

equipment becomes available later in the production 

assembly. This proposal presents a detailed proposal 

for a direct tester board. Its generality and potential 

application for testing complex analog and mixed-

signal systems are illustrated. The results of the 

Universal Direct Tester Board are presented and 

discussed for an experimental application, including 

the test of an H-bridge. 

11. Conclusion 

The technique we have presented successfully 

integrates several essential features for fault modeling; 

specifically for the SD Method, it uniquely fulfills the 

three critical conditions necessary for effective 

operation: it defines well-established and clear 

operation regions of the circuit component under 

consideration, allows for a measurable time constant 

that is directly proportional to the specific component 

value, and provides an unambiguous and consistent 

input excitation. To effectively detect faults in 

straightforward electronic circuits at a designated test 

point, the designed tester circuit is exceptionally 

simple, and the programming of the tester board is 

designed to be straightforward as well. By employing 

the fault detection technique devised specifically for 

the tester board, numerous significant advantages are 

attained, including remarkable simplicity in both the 

construction and the programming processes involved. 

Furthermore, owing to the presence of just one time-

constant measurement, this fault detection technique 

can effectively be made almost entirely independent of 

the propagation delay that may affect the circuit under 

test, thus increasing the reliability and efficiency of the 

measurements. By implementing the Direct Tester 

Board, it becomes possible to realize non-ideal 

element testers, which allows for considerations of 

real-world deviations from the ideal behavior in 

electronic components. As a result, the number of 

ports used in a mixed implemented environment for 

the systematic testing of a complex electronic system 

is notably reduced, significantly enhancing the overall 

efficiency and effectiveness of the testing process. 

This reduction in complexity is particularly beneficial 

for maintaining streamlined operations in both 

laboratory settings and practical applications, where 

time and resource management are crucial. Ultimately, 

the integration of these features leads to a more 

adaptable and reliable framework for electronic circuit 

testing, ensuring that accurate assessments and 

diagnostic capabilities are maintained throughout 

various operational environments. 

Funding 

None. 

Acknowledgements 

The authors thank the University of Anbar / 

Biomedical Engineering Research Centre for 

providing help to the authors to finish their work. 

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

[1] A. Netherton et al., “High capacity, low 
power, short reach integrated silicon 
photonic interconnects,” Photonics 
Research, vol. 12, no. 11, p. A69, Apr. 2024, 
doi: 10.1364/prj.520203. 

[2] S. K. Murray et al., “On-Chip dynamic Gate-



Elaf Hamzah Yahia / Anbar Journal of Engineering Science, 16,1, (2025) 61 ~ 82                                                                                       79 

 

 

AJES   P-ISSN: 1997-9428  ; E-ISSN: 2705-7440                                                                                   https://ajes.uoanbar.edu.iq/  

Voltage waveform sampling in a 200-V GAN-
On-SOI power IC,” IEEE Journal of Emerging 
and Selected Topics in Power Electronics, 
vol. 10, no. 6, pp. 7150–7161, Mar. 2022, doi: 
10.1109/jestpe.2022.3163646.  

[3] T. D. Perez and S. Pagliarini, “Hardware 
Trojan Insertion in Finalized Layouts: From 
Methodology to a silicon demonstration,” 
IEEE Transactions on Computer-Aided 
Design of Integrated Circuits and Systems, 
vol. 42, no. 7, pp. 2094–2107, Nov. 2022, doi: 
10.1109/tcad.2022.3223846. 

[4] Y. Hu, L.-M. Peng, L. Xiang, and H. Zhang, 
“Flexible integrated circuits based on carbon 
nanotubes,” Accounts of Materials Research, 
vol. 1, no. 1, pp. 88–99, Sep. 2020, doi: 
10.1021/accountsmr.0c00020.  

[5] F. Yazdanpanah and R. Afsharmazayejani, “A 
systematic analysis of power saving 
techniques for wireless network-on-chip 
architectures,” Journal of Systems 
Architecture, vol. 126, p. 102485, Apr. 2022, 
doi: 10.1016/j.sysarc.2022.102485. 

[6] W. Fu, C.-F. Chien, and L. Tang, “Bayesian 
network for integrated circuit testing probe 
card fault diagnosis and troubleshooting to 
empower Industry 3.5 smart production and 
an empirical study,” J. Intelligent Manuf., vol. 
33, no. 3, pp. 785–798, Oct. 2020, doi: 
10.1007/s10845-020-01680-0. 

[7] F. Mihalič, M. Truntič, and A. Hren, 
“Hardware-in-the-Loop Simulations: A 
Historical Overview of engineering 
challenges,” Electronics, vol. 11, no. 15, p. 
2462, Aug. 2022, doi: 
10.3390/electronics11152462. 

[8] G. De Carne et al., “On Modeling Depths of 
Power Electronic Circuits for Real-Time 
Simulation – A Comparative Analysis for 
Power systems,” IEEE Open Access Journal 
of Power and Energy, vol. 9, pp. 76–87, Jan. 
2022, doi: 10.1109/oajpe.2022.3148777.  

[9]  A. Abuelnaga, M. Narimani, and A. S. 
Bahman, “A review on IGBT module failure 
modes and lifetime testing,” IEEE access, vol. 
9, pp. 9643–9663, 2021. 

[10] F. Blaabjerg, H. Wang, I. Vernica, B. Liu, and 
P. Davari, “Reliability of power Electronic 
systems for EV/HEV applications,” 
Proceedings of the IEEE, vol. 109, no. 6, pp. 
1060–1076, Nov. 2020, doi: 
10.1109/jproc.2020.3031041 

[11] P. Nama, P. Reddy, and S. K. Pattanayak, 
“Artificial Intelligence for Self-Healing 
Automation Testing Frameworks: Real-
Time Fault Prediction and Recovery,” 
Artificial Intelligence, vol. 64, no. 3S, 2024, 

Accessed: Jan. 19, 2025.  
[12] N. P. Nama, “Integrating AI in testing 

automation: Enhancing test coverage and 
predictive analysis for improved software 
quality,” World Journal of Advanced 
Engineering Technology and Sciences, vol. 
13, no. 1, pp. 769–782, Oct. 2024, doi: 
10.30574/wjaets.2024.13.1.0486. 

[13] Z. Bai, P. Hao, W. ShangGuan, B. Cai, and M. J. 
Barth, “Hybrid Reinforcement Learning-
Based Eco-Driving strategy for connected 
and automated vehicles at signalized 
intersections,” IEEE Transactions on 
Intelligent Transportation Systems, vol. 23, 
no. 9, pp. 15850–15863, Feb. 2022, doi: 
10.1109/tits.2022.3145798.  

[14] M. Akibis, J. Pereira, D. Clark, V. Mitchell, and 
H. Alvarez, “Measuring ransomware 
propagation patterns via network traffic 
analysis: An automated approach,” 2024, 
Accessed: Jan. 19, 2025. [Online]. Available: 
https://www.researchsquare.com/article/r
s-5180048/latest 

[15] A. Andreta, L. F. L. Villa, Y. Lembeye, and J. C. 
Crebier, “A novel Automated design 
Methodology for Power Electronics 
Converters,” Electronics, vol. 10, no. 3, p. 
271, Jan. 2021, doi: 
10.3390/electronics10030271  

[16] P. Szcześniak, I. Grobelna, M. Novak, and U. 
Nyman, “Overview of control algorithm 
verification methods in Power Electronics 
Systems,” Energies, vol. 14, no. 14, p. 4360, 
Jul. 2021, doi: 10.3390/en14144360.  

[17] N. Kumar, H. K. Singh, and R. Niwareeba, 
“Adaptive control technique for portable 
solar powered EV charging adapter to 
operate in remote location,” IEEE Open 
Journal of Circuits and Systems, vol. 4, pp. 
115–125, Jan. 2023, doi: 
10.1109/ojcas.2023.3247573.  

[18] W. Zhang, S. Liu, O. Gandhi, C. D. Rodriguez-
Gallegos, H. Quan, and D. Srinivasan, “Deep-
Learning-Based probabilistic estimation of 
solar PV soiling loss,” IEEE Transactions on 
Sustainable Energy, vol. 12, no. 4, pp. 2436–
2444, Jul. 2021, doi: 
10.1109/tste.2021.3098677.  

[19] H. Deboucha, S. Mekhilef, S. Belaid, and A. 
Guichi, “Modified deterministic Jaya (DM-
Jaya)-based MPPT algorithm under partially 
shaded conditions for PV system,” IET 
power electron., vol. 13, no. 19, pp. 4625–
4632, Dec. 2020, doi: 10.1049/iet-
pel.2020.0736. 

[20] K. Sangeethalakshmi, A. A. M. A. 
Riazulhameed, G. Arunachalam, D. 

https://ajes.uoanbar.edu.iq/
https://www.researchsquare.com/article/rs-5180048/latest
https://www.researchsquare.com/article/rs-5180048/latest


80                                                                                         Elaf Hamzah Yahia / Anbar Journal of Engineering Science, 16, 1, (2025) 61 ~ 82 

 

 

Full Article Title   Review Analysis for Fault Detection in Analogue Electronic Circuits …..                                                         (Elaf Hamzah Yahia) 

Muthukumaran, D. J. W. Wise, and C. 
Srinivasan, “IoT and Random Forest-Based 
Solutions for Blood Gas Quality Assurance in 
Clinical Laboratories,” in 2024 2nd 
International Conference on Sustainable 
Computing and Smart Systems (ICSCSS), 
IEEE, 2024, pp. 340–345. Accessed: Jan. 19, 
2025. [Online]. Available: 
https://ieeexplore.ieee.org/abstract/docu
ment/10625431/ 

[21] P. Manickam et al., “Artificial intelligence 
(AI) and internet of medical things (IoMT) 
assisted biomedical systems for intelligent 
healthcare,” Biosensors, vol. 12, no. 8, p. 562, 
2022. 

[22] S. N. Swamy and S. R. Kota, “An empirical 
study on system level aspects of Internet of 
Things (IoT),” IEEE Access, vol. 8, pp. 
188082–188134, 2020. 

[23] A. S. Albahri et al., “A systematic review of 
trustworthy and explainable artificial 
intelligence in healthcare: Assessment of 
quality, bias risk, and data fusion,” 
Information Fusion, vol. 96, pp. 156–191, 
2023. 

[24] K. B. Beć, J. Grabska, and C. W. Huck, 
“Principles and applications of miniaturized 
near-infrared (NIR) spectrometers,” 
Chemistry–A European Journal, vol. 27, no. 
5, pp. 1514–1532, 2021. 

[25] E. Heitzer et al., “Recommendations for a 
practical implementation of circulating 
tumor DNA mutation testing in metastatic 
non-small-cell lung cancer,” ESMO open, vol. 
7, no. 2, p. 100399, 2022. 

[26] N.-E. Laadel, M. El Mansori, N. Kang, S. 
Marlin, and Y. Boussant-Roux, “Permeation 
barriers for hydrogen embrittlement 
prevention in metals–a review on 
mechanisms, materials suitability and 
efficiency,” Int. J. Hydrogen Energy, vol. 47, 
no. 76, pp. 32707–32731, 2022.  

[27] S. Rauf, A. A. Lahcen, A. Aljedaibi, T. Beduk, J. 
I. de Oliveira Filho, and K. N. Salama, “Gold 
nanostructured laser-scribed graphene: A 
new electrochemical biosensing platform 
for potential point-of-care testing of disease 
biomarkers,” Biosensors and Bioelectronics. 
180, p. 113116, 2021. 

[28] P. Forouzandeh, K. O’Dowd, and S. C. Pillai, 
“Face masks and respirators in the fight 
against the COVID-19 pandemic: An 
overview of the standards and testing 
methods,” Safety science, vol. 133, p. 
104995, 2021.  

[29] G. Provelengios, D. Holcomb, and R. Tessier, 
“Power wasting circuits for cloud FPGA 
attacks,” in 2020 30th International 

Conference on Field-Programable Logic and 
Applications (FPL), IEEE, 2020, pp. 231–
235. Accessed: Jan. 19, 2025. [Online]. 
Available: 
https://ieeexplore.ieee.org/abstract/docu
ment/9221585/ 

[30] F. M. Shakiba, M. Shojaee, S. M. Azizi, and M. 
Zhou, “Real-time sensing and fault diagnosis 
for transmission lines,” International 
Journal of Network Dynamics and 
Intelligence, pp. 36–47, 2022.  

[31] W. Khan, M. Z. Yousaf, A. R. Singh, S. Khalid, 
M. Bajaj, and I. Zaitsev, “Rotor angle stability 
of a microgrid generator through 
polynomial approximation based on RFID 
data collection and deep learning,” Sci. Rep., 
vol. 14, no. 1, p. 28342, 2024. 

[32] A. Jain, Z. Zhou, and U. Guin, “Survey of 
recent developments for hardware trojan 
detection,” in 2021 ieee international 
symposium on circuits and systems (iscas), 
IEEE, 2021, pp. 1–5. Accessed: Jan. 19, 2025. 
[Online]. Available: 
https://ieeexplore.ieee.org/abstract/docu
ment/9401143/  

[33] D. R. Ghica, G. Kaye, and D. Sprunger, “A Fully 
Compositional Theory of Sequential Digital 
Circuits: Denotational, Operational and 
Algebraic Semantics,” Jan. 29, 2024, arXiv: 
arXiv:2201.10456. doi: 
10.48550/arXiv.2201.10456.  

[34] M. Sanadhya and D. K. Sharma, “Study of 
Adiabatic Logic-Based Combinational and 
Sequential Circuits for Low-Power 
Applications,” in Low Power Architectures 
for IoT Applications, Springer, 2023, pp. 47–
84. Accessed: Jan. 19, 2025. 
https://link.springer.com/chapter/10.1007
/978-981-99-0639-0_3  

[35] S. Yang, X. Gao, and J. Ren, “Sequential 
circuits synthesis for rapid single flux 
quantum logic based on finite state machine 
decomposition,” IEEE Transactions on 
Computer-Aided Design of Integrated 
Circuits and Systems, vol. 42, no. 10, pp. 
3315–3326, 2023.  

[36] A. W. Colburn, K. J. Levey, D. O’Hare, and J. V. 
Macpherson, “Lifting the lid on the 
potentiostat: a beginner’s guide to 
understanding electrochemical circuitry 
and practical operation,” Physical Chemistry 
Chemical Physics, vol. 23, no. 14, pp. 8100–
8117, 2021.  

[37] H. C. Ates et al., “End-to-end design of 
wearable sensors,” Nat Rev Mater, vol. 7, no. 
11, pp. 887–907, 2022. 38 

[38] J. K. Han, S.-Y. Yun, S.-W. Lee, J.-M. Yu, and Y.-
K. Choi, “A review of artificial spiking neuron 

https://ieeexplore.ieee.org/abstract/document/10625431/
https://ieeexplore.ieee.org/abstract/document/10625431/
https://ieeexplore.ieee.org/abstract/document/9221585/
https://ieeexplore.ieee.org/abstract/document/9221585/
https://ieeexplore.ieee.org/abstract/document/9401143/
https://ieeexplore.ieee.org/abstract/document/9401143/
https://link.springer.com/chapter/10.1007/978-981-99-0639-0_3
https://link.springer.com/chapter/10.1007/978-981-99-0639-0_3


Elaf Hamzah Yahia / Anbar Journal of Engineering Science, 16,1, (2025) 61 ~ 82                                                                                       81 

 

 

AJES   P-ISSN: 1997-9428  ; E-ISSN: 2705-7440                                                                                   https://ajes.uoanbar.edu.iq/  

devices for neural processing and sensing,” 
Adv. Funct. Mater., vol. 32, no. 33, p. 
2204102, 2022.  

[39] D. Faranda et al., “A climate-change 
attribution retrospective of some impactful 
weather extremes of 2021,” Weather and 
Climate Dynamics Discussions, vol. 2022, pp. 
1–37, 2022.  

[40] H. Jin et al., “MXene analogue: a 2D nitride 
solid solution for high-rate hydrogen 
production,” Angew. Chem., vol. 134, no. 27, 
p. e202203850, 2022.  

[41] Z. Kang, C. You, and R. Zhang, “Active-IRS-
aided wireless communication: 
Fundamentals, designs and open issues,” 
IEEE Wireless Communications, 2024, 
Accessed: Jan. 19, 2025. [Online]. Available: 
https://ieeexplore.ieee.org/abstract/docu
ment/10417102/  

[42] C. Fu, F. Shen, H. Deng, and Z. Guo, 
“Application of Remote Virtual Reality 
Combined Experimental Platform in 
Integrated Operational Amplifier 
Experimental Teaching,” in 2024 5th 
International Conference on Computer 
Engineering and Application (ICCEA), IEEE, 
2024, pp. 470–473. Accessed: Jan. 19, 2025. 
[Online]. Available: 
https://ieeexplore.ieee.org/abstract/docu
ment/10603550/  

[43] M. Saritha et al., “A VLSI design of clock gated 
technique based ADC lock-in amplifier,” Int J 
Syst Assur Eng Manag, vol. 13, no. 5, pp. 
2743–2750, Oct. 2022, doi: 
10.1007/s13198-022-01747-6.  

[44] M. Saikiran, M. Ganji, and D. Chen, “Robust 
DfT techniques for built-in fault detection in 
operational amplifiers with high coverage,” 
in 2020 IEEE International Test Conference 
(ITC), IEEE, 2020, pp. 1–10. Accessed: Jan. 
19, 2025.  

[45] T. D. C. Busarello, M. G. Simões, and J. A. 
Pomilio, “Semiconductor diodes and 
transistors,” in Power Electronics 
Handbook, Elsevier, 2024, pp. 17–52. 
Accessed: Jan. 19, 2025.  

[46] G. A. Rincón-Mora, “Field-Effect 
Transistors,” in Switched Inductor Power IC 
Design, Cham: Springer International 
Publishing, 2023, pp. 45–102. doi: 
10.1007/978-3-030-95899-2_2.  

[47] S. Yuvaraja, V. Khandelwal, X. Tang, and X. Li, 
“Wide bandgap semiconductor-based 
integrated circuits,” Chip, p. 100072, 2023. 

[48] T. Zhong, J. Qu, X. Fang, H. Li, and Z. Wang, 
“The intermittent fault diagnosis of analog 
circuits based on EEMD-DBN,” 

Neurocomputing, vol. 436, pp. 74–91, 2021.  
[49] G. Mastella, F. Corbi, J. Bedford, F. Funiciello, 

and M. Rosenau, “Forecasting Surface 
Velocity Fields Associated With Laboratory 
Seismic Cycles Using Deep Learning,” 
Geophys. Res. Lett., vol. 49, no. 15, p. 
e2022GL099632, Aug. 2022, doi: 
10.1029/2022GL099632.  

[50] C. Zhang, Y. He, T. Yang, B. Zhang, and J. Wu, 
“An Analog Circuit Fault Diagnosis Approach 
Based on Improved Wavelet Transform and 
MKELM,” Circuits Syst Signal Process, vol. 
41, no. 3, pp. 1255–1286, Mar. 2022, doi: 
10.1007/s00034-021-01842-2.  

[51] M. Allais, Economy and Interest: A New 
Presentation of the Fundamental Problems 
Related to the Economic Role of the Rate of 
Interest and Their Solutions. University of 
Chicago Press, 2024. Accessed: Jan. 19, 2025.  

[52] W. Deng, J. Xu, Y. Song, and H. Zhao, 
“Differential evolution algorithm with 
wavelet basis function and optimal mutation 
strategy for complex optimization problem,” 
Appl. Soft Comput., vol. 100, p. 106724, 
2021.  

[53] Y. Kharazishvili, A. Kwilinski, O. Grishnova, 
and H. Dzwigol, “Social safety of society for 
developing countries to meet sustainable 
development standards: Indicators, level, 
strategic benchmarks (with calculations 
based on the case study of Ukraine),” 
Sustainability, vol. 12, no. 21, p. 8953, 2020.  

[54] S. Formica and F. Sfodera, “The Great 
Resignation and Quiet Quitting paradigm 
shifts: An overview of current situation and 
future research directions,” Journal of 
Hospitality Marketing & Management, vol. 
31, no. 8, pp. 899–907, Nov. 2022, doi: 
10.1080/19368623.2022.2136601.  

[55] A. R. Nasser, A. T. Azar, A. J. Humaidi, A. K. Al-
Mhdawi, and I. K. Ibraheem, “Intelligent fault 
detection and identification approach for 
analog electronic circuits based on fuzzy 
logic classifier,” Electronics, vol. 10, no. 23, p. 
2888, 2021.  

[56] E. Afacan, N. Lourenço, R. Martins, and G. 
Dündar, “Machine learning techniques in 
analog/RF integrated circuit design, 
synthesis, layout, and test,” Integration, vol. 
77, pp. 113–130, 2021.  

[57] M. Pradhan and B. B. Bhattacharya, “A 
survey of digital circuit testing in the light of 
machine learning,” WIREs Data Min & 
Knowl, vol. 11, no. 1, p. e1360, Jan. 2021, doi: 
10.1002/widm.1360.  

[58] Y. Shang, S. Wang, N. Tang, Y. Fu, and K. 
Wang, “Research progress in fault detection 

https://ajes.uoanbar.edu.iq/
https://ieeexplore.ieee.org/abstract/document/10417102/
https://ieeexplore.ieee.org/abstract/document/10417102/
https://ieeexplore.ieee.org/abstract/document/10603550/
https://ieeexplore.ieee.org/abstract/document/10603550/


82                                                                                         Elaf Hamzah Yahia / Anbar Journal of Engineering Science, 16, 1, (2025) 61 ~ 82 

 

 

Full Article Title   Review Analysis for Fault Detection in Analogue Electronic Circuits …..                                                         (Elaf Hamzah Yahia) 

of battery systems: a review,” Journal of 
Energy Storage, vol. 98, p. 113079, 2024.  

[59] S. Wang, Y. Fan, S. Jin, P. Takyi-Aninakwa, 
and C. Fernandez, “Improved anti-noise 
adaptive long short-term memory neural 
network modeling for the robust remaining 
useful life prediction of lithium-ion 
batteries,” Reliability Engineering & System 
Safety, vol. 230, p. 108920, 2023.  

[60] F. Naseri, S. Karimi, E. Farjah, and E. Schaltz, 
“Supercapacitor management system: A 
comprehensive review of modeling, 
estimation, balancing, and protection 
techniques,” Renewable and Sustainable 
Energy Reviews, vol. 155, p. 111913, 2022.  

[61] G. Barontini et al., “Measuring the stability of 

fundamental constants with a network of 
clocks,” EPJ Quantum Technol., vol. 9, no. 1, 
p. 12, Dec. 2022, doi: 
10.1140/epjqt/s40507-022-00130-5.  

[62] L. Daumas, “Financial stability, stranded 
assets and the low-carbon transition – A 
critical review of the theoretical and applied 
literatures,” Journal of Economic Surveys, 
vol. 38, no. 3, pp. 601–716, Jul. 2024, doi: 
10.1111/joes.12551.  

[63] A. Li, S. Zhuang, T. Yang, W. Lu, and J. Xu, 
“Optimization of logistics cargo tracking and 
transportation efficiency based on data 
science deep learning models,” Appl. 
Computational Eng., vol. 69, pp. 71–7, 2024. 

 
 


