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Abstract— Printed circuit boards (PCBs) becoming more
complex as technology advances, adding new components and
changing their architecture. One of the most crucial quality
control procedures is PCB surface inspection since even little
flaws in a signal trace may have a significant detrimental effect
on the system. It has always been difficult to determine the
pass/fail criteria in traditional machine vision systems based on
small failure samples, despite the advancements in sensor
technology. Suggesting a sophisticated PCB inspection method
built on a skip-connected convolutional auto encoder to
address these issues suggested to enhance the PCB inspection
system by using convolutional autoencoders. The original,
fault-free photos and the damaged ones were used to train the
deep autoencoder model. The defect location was then located
by comparing the decoded images with the input image. Using
proper image augmentation to enhance the model training
performance in order to get over the tiny and uneven
dataset in the early phases of production. Printed circuit
boards, or PCBs, are essential parts of electronic gadgets and
are very significant to the electronics sector. While ensuring
PCB quality and reliability is crucial, manual inspection
techniques are often labour and error-intensive. The proposed
novel machine learning (ML)-based method for identifying
PCB defects demonstrates a significant improvement in
detection rates compared to traditional methods, offering a
promising solution for the electronics manufacturing industry.
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Learning, Image Processing.

I. INTRODUCTION

Printed Circuit Boards (PCBs) are crucial
components in virtually all electronic devices. Ensuring their
quality is essential to avoid costly failures. Traditional visual
inspection methods are often inadequate due to the intricate
nature of PCBs and the high variability in defect types.
Machine learning (ML) presents an opportunity to improve
defect detection through automated, accurate, and efficient
inspection processes.

State-of-the-art machine learning models like
Convolutional Neural Networks (CNNs) were used to
automatically identify errors by being applied to a large
dataset of PCB images that had been labeled for flaws. These
project efforts are concentrated on feature extraction, model
building, data preparation, and thorough validation to
provide reliable and accurate detection results. The findings,
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which show the efficacy of ML - based PCB flaw diagnosis,
may lead to improved quality control in the electronics
manufacturing sector. System's performance was thoroughly
assessed using extensive validation techniques, which
showed an extra ordinary degree of accuracy and
effectiveness in mistake detection [1]. This project offers a
major leap by automating PCB inspection, improving the
dependability of electrical products, and lowering
manufacturing costs. Additionally, it lays the groundwork for
future advancements in quality control and defect avoidance
in the electronics manufacturing sector. Machine learning
(ML)-based PCB flaws detection is expected to revolutionize
quality assurance procedures and open the door to more
effective, error-free, and  economical electronic
manufacturing as the electronics industry grows.

Researchers are searching for machine vision-based
flaw inspection that makes use of operating systems, cameras
and light sources to get beyond these restrictions. This
technique which makes use of automated optical inspection
(AOI) equipment is centered on quality control [2]. To find
flaws AOI systems use industrial cameras like Radiant
Vision cameras to take high-quality pictures. Recently
developers have been able to design more comprehensive
computer and machine vision solutions thanks to deep
learning algorithms. Convolutional neural networks (CNNs)
in particular have advanced significantly in the area of image
identification and recognition.CNN has the benefit of being
able to learn visual features autonomously and operating
without relying on the feature extraction technique.

A printed circuit board (PCB) supported physically by
soldering, conductive rails, and pads is used to connect
electronic components. PCB defects may have a detrimental
influence on the functioning and performance of connected
electronic components, which considerably affects the
overall system performance. Due to the rapid expansion of
the market for tiny mobile electrical items, more complex
and diversified PCB designs are required in this age of
mobile gadgets. Because of this, it becomes difficult to
identify PCB defect patterns with the unaided eye. Manual
examination by a technician and camera related machine
vision methods are the two approaches used to discover PCB
problems [3]. Operators doing visual examinations quickly
are assisted by straightforward instructions under operator-
based inspection. The uniformity of each operator's detection
findings is another problem, as repetitive effort may soon
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wear out workers. Fig .1 shows the fault identified in the
simple PCB circuits.

Fig 1. Fault Identification in a PCB circuits

To address these challenges, the integration of machine
learning techniques for PCB defect detection has emerged as
a promising solution. The use of machine learning in PCB
defect detection harnesses the power of advanced algorithms
to automatically classify and identify defects on PCBs with
higher accuracy and efficiency than manual inspection
methods. Machine learning algorithms learn patterns and
features from a large 11 dataset of PCB images and use this
knowledge to detect defects in real-time production
environments. This revolutionary approach has the potential
to significantly enhance the manufacturing process by
reducing defects, minimizing downtime, and ultimately
improving the reliability and quality of electronic products
[4].Fig.2 shows the various types of faults in PCB circuits.
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Fig.2.Various types of faults in PCB circuits.

soRPES

II. LITERATURE SURVEY

Proposed an algorithm [5] for detecting and
classifying 14 PCB defect types. The algorithm involves
converting color images to grayscale, applying median
filtering for noise reduction, and then performing affine
transformations for scaling, rotation, and translation. Fuzzy
c-means clustering segments the images before conducting
image subtraction to detect defects, resulting in negative,
positive, or zero results indicating surplus copper, misplaced
copper, or PCB with no faults, respectively. Picture
matching in conjunction with a deep learning network to
identify solder paste flaws. To distinguish between certified
and unqualified solder junctions, image matching was used.
In the meanwhile, image based matching methods was used
to extract the junction of solder pads in order to construct
the CNN classifier dataset. The CNN based model with
rectified linear activation method is being used for identify
the faulty solder junction pads that include solder which is

not correctable, surplus solder, missing solder, short circuits,
and devoid of specified objects.

Suggested a convolutional neural network (CNN)
with three phases [6] that is capable of identifying PCB
track faults. The rectified linear activation method, max
pooling layer and convolution layer are included in every
CNN stage. The picture is classified using six output
neurons and two fully linked layers following the three
steps. 89.89% accuracy was attained by this approach on
640 test photos.

A region suggestion network [7] is used to first
forecast the possible locations in which PCB components
may be found, before categorizing and identifying them. A
graph network is applied to these areas, and a similarity
prediction network (SPN) receives the characteristics that
are produced during this process. A component template
database is then used to compare the SPN result. A mAP of
0.653 and an accuracy of 82% were shown in tests utilizing
48 PCB pictures. INCC method [8] for detecting IC defects
like misaligned components in PCBs. It utilizes normalized
cross-correlation by creating blocks from corresponding
pixels in standard and defect images, converting them into
one dimensional feature vectors, and augmenting with
spatial statistical features using discrete cosine transform.
Correlation coefficients between these vectors determine
defect classification, with pixels below a threshold classified
as defects.

A. Sinle Layer PCB

A single-layer printed circuit board (PCB), also known as
a single-sided PCB, is the most basic type of PCB. It consists
of a single layer of conductive material on one side of an
insulating substrate. These PCBs are mostly used in various
electronic devices because of their simplicity, less cost, and
ease of manufacturing. Due to ease of manufacturing its
make them ideal for mass production and use in consumer
electronics, household appliances, and other simple
electronic systems [9].

B. Double layer PCB

A double layer printed circuit boards (PCB) includes
two layers of conductive material, allowing for more
complex and higher density circuit designs compared to
single layer PCBs. This type of PCB is a common choice for
a variety of applications that require moderate complexity.
Double layer PCBs strike a balance between complexity and
cost, offering a versatile solution for a wide range of
electronic applications. Their ability to support more
intricate designs and higher component densities makes
them ideal for modern electronic devices that require more
functionality in smaller form factors [10].

C. Surface Mount Component

Surface mount components (SMCs) are electronic
components planned to be placed directly on the exterior of
printed circuit boards (PCBs). This technology, known as
surface mount technology (SMT), has become the standard
in modern electronics manufacturing due to its efficiency
and the ability to produce highly compact and reliable
circuits [11].
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