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ABSTRACT

Identifying faults in printed circuit board (PCB) electronic circuits is crucial for ensuring the
reliability and functionality of electronic devices. Traditional fault identification methods
often rely on manual inspection or rule-based techniques, which can be time-consuming and
prone to errors. The application of machine learning-based fault identification in PCB
electronic circuits has broad implications for various industries, including electronics
manufacturing, automotive, aerospace, and consumer electronics. Accurate and timely fault
detection enables manufacturers to identify and rectify defects early in the production
process, reducing scrap, rework, and warranty costs. Moreover, machine learning models can
support predictive maintenance initiatives, allowing for proactive identification of potential
failures in electronic systems before they occur. Additionally, fault identification in PCBs
facilitates troubleshooting and repair activities, enhancing device reliability and customer
satisfaction.Existing methods for fault identification in PCB electronic circuits often rely on
manual inspection or limited diagnostic tools, which may be subjective and labor-intensive.
These methods may struggle to detect subtle faults or diagnose complex circuit failures,
leading to delays in troubleshooting and repair processes. Moreover, traditional approaches
may overlook transient or intermittent faults that occur sporadically, resulting in intermittent
device malfunctions or failures. Additionally, the increasing complexity and miniaturization
of electronic circuits pose challenges for traditional fault identification methods, necessitating
more advanced and automated techniques. The proposed system utilizes machine learning
techniques to automate and enhance fault identification in PCB electronic circuits, addressing
the limitations of existing methods.

Keywords: Printed Circuit Board (PCB), Fault Identification, Machine Learning, Fault
Detection, Electronic Circuits, Predictive Maintenance, Automated Inspection, Circuit
Diagnostics, Electronic Manufacturing, Reliability Analysis.

1. INTRODUCTION The traditional ~methods of fault
identification often involve manual
inspection or rule-based techniques, which
are time-consuming and prone to errors.
Enter machine learning-based solutions
like Circuit Guardians, aimed at

In today's electronic manufacturing
landscape, ensuring the reliability and
functionality of printed circuit board
(PCB) electronic circuits is paramount.
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revolutionizing fault identification in
PCBs. These solutions have far-reaching
implications across diverse industries
including  electronics  manufacturing,
automotive, aerospace, and consumer
electronics. By leveraging machine
learning algorithms, Circuit Guardians
automates fault detection processes,
enabling manufacturers to identify defects
early in the production cycle. This not only
reduces scrap, rework, and warranty costs
but also supports predictive maintenance
initiatives,  allowing  for  proactive
identification of  potential  failures.
Furthermore, it enhances troubleshooting
and repair activities, thereby improving
device reliability and customer
satisfaction. By overcoming the limitations
of traditional methods, Circuit Guardians
promises to usher in a new era of efficient
and reliable fault identification in PCB
electronic circuits.

A. Problem Statement

Traditional fault identification methods for
PCB electronic circuits are marred by
inefficiencies and limitations. Manual
inspection and rule-based techniques are
time-consuming, prone to errors, and may
struggle to detect subtle or complex faults.
Moreover, they often overlook transient or
intermittent faults, leading to sporadic
device malfunctions or failures. The
increasing complexity and miniaturization
of electronic circuits exacerbate these
challenges, necessitating more advanced
and automated approaches. Circuit
Guardians addresses these issues by
employing machine learning techniques to
automate and enhance fault identification
in PCBs. By leveraging supervised
learning algorithms, it can accurately
detect various types of faults by analyzing

electrical signals and component data
collected from PCBs.

B. Research Motivation

The motivation behind Circuit Guardians
stems from the pressing need to improve
fault identification processes in PCB
electronic circuits. Traditional methods are
no longer sufficient to cope with the
complexities and demands of modern
electronics manufacturing. Circuit
Guardians seeks to fill this gap by offering
a comprehensive and efficient solution
powered by machine learning. By
automating fault detection and diagnosis, it
not only streamlines production processes
but also enhances device reliability and
customer  satisfaction. Moreover, it
supports predictive maintenance
initiatives, ultimately leading to cost
savings and improved  operational
efficiency for manufacturers across
industries.

C. Research Objective

The primary objective of Circuit
Guardians is to develop an automated fault
identification system for PCB electronic
circuits using machine learning techniques.
By leveraging supervised learning
algorithms, the system aims to accurately
identify various types of faults by
analyzing electrical signals and component
data collected from PCBs. The goal is to
overcome the limitations of traditional
fault identification methods and provide
manufacturers with a more efficient and
reliable solution for ensuring the reliability
and functionality of electronic devices.

2 LITERATURE SURVEY

Printed circuit boards (PCBs) are the
foundational building block of most
modern electronic devices.
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Semiconductors, connectors, resistors,
diodes, capacitors and radio devices are
mounted to, and “talk” to one another
through the PCB.PCB’s have mechanical
and electrical attributes that make them
ideal for various applications. Founded in
1977, Printed Circuits LLC has since
become a ground-breaking printed circuit
board manufacturer. Originally
manufacturing all types of PCB’s, they
drove towards specialization in rigid flex
and flexible circuit manufacturing in the
mid 1990’s.PCB’s were developed in the
early 20th century but have had a
continued escalated development in
technology since then. The advancement
and widespread adoption of technology in
PCBs has paralleled the rapid
advancement in semiconductor packaging
technology and has enabled industry
professionals to invest in smaller and more
efficient electronics. Conventional PCB’s
can be as simple as a single layer of
circuitry or can go to fifty layers or more.
They consist of electrical components and
connectors linked via conductive circuits —
usually copper, with the purpose of routing
electrical signals and power within and
between devices. The literature on
defect detection in printed circuit boards
(PCBs) encompasses a wide range of
topics, including advanced detection
techniques,  industry trends, and the
integration of additive manufacturing in
the context of Industry 4.0. This section
provides a comprehensive  survey
of relevant studies, highlighting key
findings and contributions to the
field.One recent study by Zhang and
Liu [1] explores multi-scale  defect
detection in PCBs using a feature
pyramid network. The authors propose
a novel approach that leverages multi-scale
features to improve the accuracy of defect

detection. Their work  demonstrates the
effectiveness of the feature pyramid
network in detecting defects across
different scales, thereby addressing

a crucial aspect of PCB
inspection.Bajenescu [2] discusses the
miniaturization of  electronic

components and its implications for
device  overheating. As electronic
components become smaller and more
densely packed on PCBs, the problem of
device overheating becomes increasingly
pronounced. This study sheds light on
the challenges associated with
miniaturization and offers insights into
potential solutions to mitigate the risk of
overheating in electronic devices.The
capability of added substance fabricating
with regards to Industry 4.0 is analyzed by
Dilberoglu et al. [3]. PCB production
could go through a change on the
grounds that to added substance
fabricating innovations like 3D
printing,  whichrapid prototyping and
customization. The study discusses the
benefits of additive manufacturing in terms
of flexibility, cost-effectiveness, and
sustainability, highlighting its
relevance in  the context of Industry
4.0.Karniket al. [4] do a careful
examination of the examples that will
shape the elements and facilitators
of Industry 4.0 later on and present.
The  reception of Industry 4.0
innovations in different areas, including
PCB creation, is analyzed by the
journalists along with the primary
powers behind and impediments
confronting this pattern.  Their
exploration offers smart data on the
factors affecting Industry 4.0
receptioninitiatives and  offers
recommendations for stakeholders
seeking to capitalize on emerging
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opportunities.Tempo  Automation  [5]
provides insights into how Industry 4.0
impacts PCB development. The article
discusses the integration of
automation, data analytics, and
connectivity in PCB  manufacturing
processes, highlighting the potential for
improved efficiency, quality, and
cost-effectiveness. By embracing

Industry 4.0 principles, PCB
manufacturers can streamline production
workflows and enhance
competitiveness in the global

market.Spinzi [6] offers a perspective on
the improvement of Industry 4.0
according to PCB viewpoint
manufacturers. The author traces the
historical development of Industry 4.0
and examines its implications  for
PCB manufacturing. Through
interviews with industry experts and
analysis of market trends, the study
identifies key challenges and
opportunities facing PCB manufacturers in
the era of Industry 4.0.

1. EXISTING SYSTEM

The existing system for PCB fault
identification uses the AdaBoost machine
learning algorithm to detect and classify
faults in  printed circuit  boards
automatically. In this approach, electrical
and operational parameters collected from
PCB circuits are provided as input to the
AdaBoost classifier for fault prediction.
The system preprocesses the dataset by
removing missing values and converting
categorical information into numerical
format wusing Label Encoding. After
preprocessing, the dataset is divided into
training and testing sets to build and
evaluate the machine learning model.
AdaBoost works by combining multiple
weak learners, usually decision stumps, to

create a strong classifier capable of
improving prediction accuracy. During
training, the algorithm gives higher
importance to incorrectly  classified
samples so that subsequent weak learners
focus more on difficult fault patterns. The
trained model is then used to identify PCB
conditions such as Nominal, Fouling,
Scaling, Open Circuit, and Short Circuit.
The existing system improves automation
in PCB fault detection and reduces manual
inspection efforts. However, the model
may be sensitive to noisy data and outliers,
which can affect classification
performance in  complex industrial
environments.

A. Disadvantages

AdaBoost is highly sensitive to noisy data
and outliers, which can negatively affect
model performance because the algorithm
gives more importance to misclassified
samples during training. The algorithm
may experience overfitting when the
dataset is small or contains irrelevant
features, especially when too many
boosting iteration.

IV. PROPOSED SYSTEM

The proposed system utilizes the Support
Vector Machine (SVM) algorithm for
intelligent fault identification in Printed
Circuit Boards (PCBs). The system is
designed to automate the process of
detecting and classifying PCB faults by
analyzing electrical and operational
parameters collected from the circuit board
dataset. Initially, the dataset undergoes
preprocessing steps such as removal of
missing values, feature selection, and
conversion of categorical attributes into
numerical form using Label Encoding. The
processed dataset is then divided into
training and testing subsets for efficient
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model development and evaluation. In the
proposed approach, a Linear Kernel
Support Vector Machine classifier is
employed to create an optimal hyperplane
that separates different PCB fault classes
with maximum margin. The SVM model
learns the patterns associated with various
operational conditions such as Nominal,
Fouling, Scaling, Open Circuit, and Short
Circuit. During training, the algorithm
identifies important support vectors that
help in constructing the best decision
boundary for accurate classification. Once
trained, the model is capable of predicting
the fault category of new PCB test samples
automatically. The proposed system also
integrates  data  visualization  and
Exploratory Data Analysis (EDA)
techniques including correlation heatmaps,
class distribution graphs, histograms, and
confusion matrices to improve
understanding of dataset characteristics
and model performance. Performance
evaluation metrics such as Accuracy,
Precision, Recall, and F1-Score are used to
measure classification effectiveness. By
using the SVM algorithm, the proposed
system achieves reliable and efficient PCB
fault detection, reduces manual inspection
effort, improves prediction accuracy, and
supports  predictive  maintenance in
industrial electronic applications.

A. System architecture

System architecture is the structural design
and overall framework of a software or
hardware system that defines how different
components interact and work together to
achieve the desired functionality. It
provides a high-level representation of the
system, including modules, data flow,
processing stages, algorithms, databases,
and user interactions. System architecture
helps in understanding the organization,

communication, and integration of various
components within the application. In the
proposed Circuit Guardians: Machine
Learning Solutions for Fault Identification
in Printed Circuit Boards system, the
system architecture illustrates the complete
workflow starting from PCB data
acquisition and preprocessing to machine
learning model training, fault prediction,
and real-time monitoring. It includes both
the existing AdaBoost algorithm and the
proposed Support Vector Machine (SVM)
algorithm for PCB fault classification. The
architecture also  demonstrates how
datasets are processed, models are trained
and stored, predictions are generated, and
results are displayed for industrial real-
time applications such as predictive
maintenance, fault monitoring, and
automated PCB inspection.

B. Data Preprocessing

The dataset used in this PCB fault
prediction system consists of multiple
sensor and  operational  parameters
collected  from  industrial  process
monitoring or PCB equipment analysis.
The dataset is structured in tabular format
where each row represents an individual
observation or system condition, and each
column represents a specific feature
influencing the machine or circuit
behavior. The input attributes mainly
include six numerical process-related
features that are used for training the
machine learning models, while the final
column represents the target class label.
The target classes include Short Circuit,
Nominal, Open Circuit, Fouling, and
Scaling,  which indicate  different
operational conditions and fault categories
of the system. During preprocessing,
missing values are removed and
categorical attributes such as Condition
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and Class are converted into numerical
values using Label Encoding for efficient
model training.

C. Software & Hardware Requirements

Software: Windows 11, Python 3.7,
TensorFlow 2.x, Keras, NumPy, Pandas,
OpenCV, Scikit-learn, Matplotlib.
Hardware: Intel Core i5 / Pentium IV 2.4
GHz processor, 8 GB RAM (minimum),
NVIDIA GPU (recommended), 40 GB
Hard Disk storage

D. Advantages

SVM provides high classification accuracy
by creating an optimal decision boundary
with maximum margin between different
classes. The algorithm performs effectively
on high-dimensional datasets and can
handle complex PCB fault classification
problems efficiently. SVM is less prone to
overfitting compared to many traditional
machine learning algorithms, especially
when using appropriate kernel functions.

V. RESULTS AND DISCUSSIONS

A. Classification Performance

The results show how well the PCB fault
detection system works on both training
and test data. After comparing two models,
AdaBoost and SVC, it is clear that SVC
performs much better with around 95%
accuracy, while AdaBoost gives only about
67% accuracy. The SVC model also shows
higher precision, recall, and F1-score,
meaning it gives more correct and
balanced predictions across different fault
types like Short_circuit, Fouling, Scaling,
Open_circuit, and Nominal. However, the
Nominal class is still slightly difficult for
the model, as it is sometimes misclassified.
In the final prediction results, the model
successfully identifies fault conditions

from new data and assigns correct fault
labels based on learned patterns. Overall,
the discussion proves that the SVC-based
approach is more reliable and effective for
real-time PCB fault detection compared to
the existing model, making the system
suitab

888873

Figure 1: Classification report of
AdaBoost Classifier

Figure 1 shows the results of an
AdaBoostClassifier model. AdaBoost is an
ensemble classification algorithm that
combines weak learners into a single
strong learner.The AdaBoostClassifier
model was loaded successfully and
achieved an accuracy of 67.74%,
indicating moderate classification
performance. It obtained a precision of
60.0%, recall of 49.98%, and an F1-score
of 53.31%, showing that the model can
identify faults reasonably well but has
limitations in detecting all positive cases
accurately.
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Figure2: Classification report of SVC

Figure 2 shows the classification report for
an SVC model, which is a type of support
vector machine. The report shows how
well the model performed on a dataset of
5456 samples from four classes:
Short_circuit  (Nominal), Short_circuit
(Fouling), Open_circuit (Fouling), and
Open_circuit (Scaling).For the
Short_circuit (Nominal) class, the model
achieved a precision of 0.92, indicating
that 92% of the samples predicted as
Short_circuit (Nominal) were correctly
classified. The recall of 0.99 shows that
99% of the actual Short_circuit (Nominal)
samples were successfully identified by
the model. The F1-score combines
precision and recall into a single measure,
reflecting strong overall classification
performance. The support value of 1752
indicates the total number of actual
Short_circuit (Nominal) samples present in
the dataset.

Fig3: Predicted values

Fig3 is the prediction output displays the
results generated by the trained PCB fault
classification model on unseen test data.
Each record contains input electrical
parameters such as Power, Tsupply,
Wafer_Mdot, and Condition, along with
the corresponding Predicted_Class
assigned by the model. The system
analyzes these features and classifies each

instance into fault categories such as
Short_circuit or Fouling based on learned
patterns from the training data. The results
show that the model is able to consistently
identify fault conditions across multiple
samples, with most entries being classified
as Fouling and one instance identified as
Short_circuit. This demonstrates the
model’s ability to generalize on new data
and perform real-time fault detection,
making it suitable for automated PCB

health  monitoring and  diagnostic
applications.

B. Comparative Analysis
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The performance comparison shows that
the Support Vector Classifier (SVC)
significantly outperformed the AdaBoost
Classifier for PCB fault identification.
SVC achieved an accuracy of 95.09%,
precision of 93.15%, recall of 85.55%, and
F-score of 86.94%, indicating excellent
classification capability and reliable fault
detection. In contrast, AdaBoost Classifier
obtained an accuracy of 67.74%, precision
of 49.98%, recall of 60.0%, and F-score of
53.31%, reflecting comparatively lower
predictive performance. These results
demonstrate that SVC is more effective
and suitable for accurately identifying
faults in printed circuit boards, providing
better overall classification accuracy and
reliability.

C. Test Cases
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VI. CONCLUSION

The utilization of machine learning
techniques for fault identification in
printed circuit board (PCB) electronic
circuits presents a promising approach
with  significant  implications  across
various industries. In this study, we
developed and evaluated two machine
learning models, namely AdaBoost
Classifier and Support Vector Classifier
(SVC), for fault identification in PCBs.
The AdaBoost Classifier demonstrated
commendable performance, achieving high
accuracy, precision, recall, and F1-score in
identifying different fault categories. With
its ability to combine multiple weak
learners to form a strong classifier,
AdaBoost  effectively  handled the
complexity of PCB fault identification,
providing reliable results across various

fault types. Similarly, the Support Vector
Classifier  (SVC) exhibited  robust
performance in fault identification,
leveraging its capability to separate
different fault classes with a hyperplane in
a high-dimensional feature space. By
employing a linear kernel and optimizing
model parameters, SVC demonstrated
competitive accuracy and performance
metrics, contributing to its efficacy in PCB
fault detection. The evaluation of both
models revealed their effectiveness in
accurately identifying fault conditions in
PCBs, showcasing their potential for
practical implementation in industrial
settings. The integration of machine
learning-based fault identification
solutions offers several advantages over
traditional methods, including enhanced
efficiency, reduced error rates, and
improved scalability.
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