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Abstract:- The integration of automated visual inspection systems in the manufacturing process is crucial for ensuring product quality
and reducing production costs. In the realm of printed circuit board (PCB) manufacturing, the detection of missing footprints, acommon
defect, is of paramount importance. This paper presents a real-time automatic visual inspection system specifically designed for the
detection of missing footprints on PCBs. The proposed system utilizes state-of-the-art computer vision techniques, including image
preprocessing, feature extraction, and machine learning algorithms, to accurately identify missing footprints. Through a combination
of image segmentation and pattern recognition, the system effectively distinguishes between normal PCBs and those with missing
footprints, achieving high detection accuracy and reliability. Key features of the system include its real-time processing capabilities,
allowing for seamless integration into the production line without causing delays or disruptions. Furthermore, the system's flexibility
enables adaptation to various PCB layouts and component configurations, ensuring versatility across different manufacturing
environments. Experimental results demonstrate the efficacy of the proposed system, showcasing its ability to accurately detect missing
footprints with a high degree of sensitivity and specificity. The real-time automatic visual inspection system described in this paper
outperforms traditional manual methods in speed, accuracy, and repeatability. It's a major advancement in PCB manufacturing quality
control, addressing the crucial problem of missing footprint detection. This system provides manufacturers with a dependable solution
for ensuring defect-free PCBs, leading to better product reliability and customer satisfaction.

Keywords: Real-time, Automatic Visual Inspection, PCB (Printed Circuit Board), Missing Footprint Detection, Quality
Control, Manufacturing, Defect Detection.

. INTRODUCTION

The integration of automated visual inspection systems has become indispensable in modern manufacturing
processes, offering enhanced efficiency, accuracy, and reliability in detecting defects. In the realm of printed circuit
board (PCB) manufacturing, where precision and quality are paramount, the detection of missing footprints stands
out as a critical task. Missing footprints, resulting from incomplete or misaligned soldering of electronic
components, can lead to functional errors and reliability issues in electronic devices. Therefore, the development of
robust inspection systems capable of accurately identifying missing footprints in real time is of utmost importance.
This paper introduces a novel Real-time Automatic Visual Inspection System specifically designed for PCB missing
footprint detection [1]. Leveraging advancements in computer vision, machine learning, and image processing
techniques, the proposed system aims to provide manufacturers with a reliable solution to ensure the quality and
integrity of PCB assemblies. The introduction of automated visual inspection systems in PCB manufacturing not
only addresses the limitations of manual inspection methods but also offers numerous advantages, including
increased inspection speed, consistency, and scalability [2]. By automating the detection process, manufacturers can
significantly reduce the risk of human error and improve overall production efficiency.

In this paper, we present the design, implementation, and evaluation of the proposed inspection system. We discuss
the key components of the system, including image preprocessing, feature extraction, and machine learning
algorithms, which collectively enable accurate and real-time detection of missing footprints on PCBs. Additionally,
we highlight the system's flexibility and adaptability, allowing it to accommodate various PCB layouts and
component configurations commonly encountered in manufacturing environments [3]. Through extensive
experimental validation, we demonstrate the efficacy and reliability of the proposed system in detecting missing
footprints with high accuracy and efficiency [4]. Comparative analyses with traditional manual inspection methods
underscore the superiority of the automated approach in terms of speed, consistency, and repeatability. Overall, this
paper contributes to advancing the state-of-the-art in PCB manufacturing quality control by introducing a real-time
automatic visual inspection system tailored specifically for missing footprint detection. The proposed system offers
manufacturers a practical and effective solution to enhance product quality, minimize defects, and optimize
production processes in the competitive landscape of electronic manufacturing [5].
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Il.RELATED WORK

Automated visual inspection systems have gained significant traction in various industries, including electronics
manufacturing, owing to their capability to enhance quality control and production efficiency. In the context of
printed circuit board (PCB) manufacturing, the detection of missing footprints represents a critical aspect of ensuring
product reliability and functionality. In this literature survey, we review existing research efforts and notable
contributions in the field of real-time automatic visual inspection for PCB missing footprint detection [6].

This paper presents an automatic PCB inspection system that utilizes computer vision techniques for defect
detection, including missing footprints. The system employs image processing algorithms to extract features and
classify defects in real-time, demonstrating promising results in terms of accuracy and efficiency [7].

Researchers propose a deep learning-based approach for PCB defect detection, focusing on missing footprints as
one of the major defects. Their system leverages convolutional neural networks (CNNs) to automatically learn
discriminative features from PCB images, achieving high detection accuracy and robustness against variations in
PCB layouts [8].

This paper introduces a real-time defect detection system for PCB inspection, which incorporates machine learning
algorithms for missing footprint detection. The system employs a combination of image segmentation and feature
extraction techniques to identify defective regions on PCBs, showcasing significant improvements in detection
speed and accuracy [9].

Researchers propose an enhanced PCB inspection system that integrates deep learning and image processing
techniques for defect detection, including missing footprints. Their approach combines CNNs with image
augmentation and transfer learning to improve the generalization capability of the model, leading to superior
performance in real-world PCB manufacturing environments [10].

Researchers present a vision-based automatic inspection system specifically designed for PCB assembly
verification, including missing footprint detection. Their system utilizes feature-based matching and template
matching algorithms to accurately locate and identify missing footprints on PCBs, demonstrating effectiveness in
real-time inspection scenarios [11].

In summary, the literature survey highlights the growing interest and advancements in real-time automatic visual
inspection systems for PCB missing footprint detection. By leveraging computer vision, deep learning, and machine
learning techniques, researchers have made significant strides towards developing robust and efficient inspection
systems capable of ensuring the quality and reliability of PCB assemblies in manufacturing processes [12].

I11.METHODOLOGY

The architecture of the systems proposed in our study is illustrated.

A. Hardware Framework :

The hardware framework of the AVIS system comprises essential components: a webcam for image acquisition, a
conveyor belt, a light source, and a laptop equipped with image processing software. It aims to classify footprints
into complete and incomplete shapes corresponding to LED, Resistor, IC, Capacitor, and Transistor footprints. The
system's hardware, depicted in a diagram, includes the webcam positioned to capture images as PCBs move along
the conveyor belt from left to right. A stand secures the webcam and enables vertical movement, while the webcam's
placement at the conveyor belt's center optimizes image capture. Actual image processing, segmentation, and
classification occur on the connected laptop system..
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B. Software Framework :

The software diagram presented in Figure 4 illustrates the proposed AVIS (Automatic Visual Inspection System)
software framework, encompassing processes for object detection and image processing. The initial five processes
entail feature extraction, board localization, footprint segmentation, and image capture. Following these processes,
images are categorized based on their geometric features utilizing a production rules method. Image acquisition:
The acquisition systems are equipped with a mechanical positioning tool designed to relocate either the camera or
the product under examination to a predetermined position for image capture. Upon capturing an image, the program
displays the result and awaits the next acceptable image. RGB frame-by-frame photographs of PCBs in motion on
the conveyor belt are recorded at a predetermined speed. Image segmentation: The pre-processing phase involves
two stages of image segmentation. Initially, the first segmentation step focuses on isolating the board under
inspection from the acquired images. Subsequently, in the second step, the image of the footprint is extracted from
the board image. These two segmentation steps are elaborated upon in detail to ensure accurate extraction of relevant
features for subsequent analysis and classification.

In this pre-processing stage, the focus is on extracting the board from the captured image, aiming to minimize or
eliminate any discrepancies between the obtained picture and the Region of Interest (ROI). To achieve this, a
connected component approach is employed to identify the board within the captured image. Specifically, we utilize
an 8-connectivity pixel approach, considering that components are often spatially distant from each other. This
choice helps mitigate calculation complexity. Subsequently, the largest component identified among the connected
components is extracted based on size. In this context, the largest component corresponds to the entire board, as
depicted in the acquired image. The steps involved in board localization are illustrated in Figure 5.
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During this phase, footprints are isolated by cropping each region based on its coordinates relative to the PCB's
dimensions. This process entails defining a bounding box using four parameters: coordinates, width, and height.
Initially, the segmented image's energy is assessed. If the energy level surpasses 15 pixels, the subsequent step
entails evaluating the printing quality. A footprint is deemed completely absent if the energy level falls below 15.

Feature extraction plays a pivotal role in image processing, influencing the applicability and efficacy of subsequent
classification techniques. In our approach, feature extraction occurs subsequent to segmentation. Geometric features
are extracted from linked components that represent footprints within the segmented image. This method primarily
concentrates on two key geometric attributes, Area and Perimeter, for each object in the image, leveraging
previously gathered data.

The final phase of the proposed software framework involves image classification. Following feature extraction,
classification is executed utilizing a predefined set of features. In this research, geometric attributes like area and
perimeter are selected for footprint classification. Production guidelines are applied to categorize footprints into four
groups: 25%, 50%, 75%, and 100% for each footprint type. Detection and categorization models handle various
types of footprints on a PCB, including Variable resistor, IC, Capacitor, LED, and Transistor.

The research utilizes a rule-based classifier, which establishes an effective framework through IF-Then rules. These
rules, derived from the shape's area and perimeter, attain high classification rates for distinct footprints. The output
assigns values (25%, 50%, 75%, and 100%) based on the area, showcasing features and their corresponding values.
Figure 6 depicts the inference engine for the four footprint classes, where perimeter (V1-V6) and area (V7-V10)
values differ for each footprint type.

IV.RESULTS

The results of the study demonstrate the effectiveness of the AVIS (Automatic Visual Inspection System) in
accurately identifying and categorizing footprints on printed circuit boards (PCBs). Through rigorous testing and
analysis, the system exhibited a high degree of accuracy and reliability in its performance. During image acquisition,
the AVIS system successfully captured RGB frame-by-frame photographs of PCBs in motion on the conveyor belt
at a predetermined speed. This ensured consistent and reliable data input for subsequent processing stages.

Image segmentation proved to be a critical step in the inspection process. The system effectively isolated the board
under inspection from the acquired images and accurately extracted the image of the footprint from the board image.
This meticulous segmentation process enabled the system to focus solely on the relevant features of interest,
enhancing the accuracy of subsequent analyses. Board localization, a pre-processing stage aimed at extracting the
board from the captured image, yielded promising results. The connected component approach effectively identified
the board within the captured image, minimizing discrepancies between the obtained picture and the Region of
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Interest (ROI). Subsequent extraction of the largest component, corresponding to the entire board, further refined
the localization process, ensuring precise analysis of the PCB.

Table 1: Result of the AVIS system's operation.

Process Result VValue

Image RGB frame-by-frame photographs

Acquisition

Image Accurate isolation of board and footprint

Segmentation images

Board Precise extraction of entire board

Localization

Footprint Reliable identification of complete and

Segmentation incomplete footprints

Feature Extraction of geometric features (Area,

Extraction Perimeter) from footprints

Classification Categorization of footprints into 25%, 50%,
75%, and 100% completeness groups

Footprint segmentation, a crucial phase in the inspection process, demonstrated the system's ability to accurately
isolate footprints by cropping each region based on its coordinates relative to the PCB's dimensions. The system
defined bounding boxes using four parameters and effectively determined the completeness of footprints based on
energy levels. This meticulous segmentation process enabled the system to distinguish between complete and
incomplete footprints with high precision. Feature extraction played a pivotal role in the analysis of segmented
images. Geometric features, such as Area and Perimeter, were extracted from linked components representing
footprints within the images. This methodical approach to feature extraction facilitated the classification of
footprints based on their geometric attributes, enhancing the overall accuracy of the inspection process.

Classification, the final phase of the inspection process, involved categorizing footprints into distinct groups based
on their completeness. Utilizing production rules and predefined sets of features, the system accurately classified
footprints such as 25%, 50%, 75%, and 100% completeness for each footprint type. This classification process
enabled the system to effectively identify and categorize footprints with a high degree of accuracy.

V.DISCUSSION

The discussion of the results of this study highlights the effectiveness and implications of the AVIS (Automatic
Visual Inspection System) in the context of printed circuit board (PCB) manufacturing quality control. Firstly, the
high accuracy and reliability demonstrated by the AVIS system in identifying and categorizing footprints on PCBs
are noteworthy. The system's ability to capture RGB frame-by-frame photographs of PCBs in motion, coupled with
its precise image segmentation techniques, ensures a robust foundation for subsequent analyses. The accurate
isolation of board and footprint images during segmentation minimizes errors and enhances the system's ability to
focus on relevant features of interest. The success of the board localization process further solidifies the system's
effectiveness. By employing a connected component approach and extracting the largest component corresponding
to the entire board, the AVIS system accurately identifies and isolates the PCB within captured images. This precise
localization is crucial for subsequent analysis and classification of PCB footprints.

Footprint segmentation, a critical phase in the inspection process, demonstrates the system's capability to reliably
identify complete and incomplete footprints. The meticulous cropping of regions based on PCB dimensions and the
determination of footprint completeness based on energy levels contribute to the system's ability to distinguish
between different types of footprints with high precision. Feature extraction plays a pivotal role in the analysis of
segmented images, enabling the system to extract geometric features such as area and perimeter from footprints.
These features serve as crucial inputs for the classification process, facilitating the accurate categorization of
footprints into different completeness groups.
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The successful classification of footprints into categories based on their completeness underscores the effectiveness
of the AVIS system in automating the visual inspection process. By utilizing production rules and predefined sets
of features, the system accurately categorizes footprints, providing valuable insights into PCB manufacturing
quality.

VI.CONCLUSION

In conclusion, the development and implementation of a real-time automatic visual inspection system for PCB
missing footprint detection represent a significant advancement in the field of electronics manufacturing quality
control. Throughout this study, they have demonstrated the efficacy and reliability of the proposed system in
accurately identifying missing footprints on PCBs, thereby ensuring product quality and reliability. By leveraging
state-of-the-art computer vision techniques, machine learning algorithms, and image processing methods, the
proposed system offers manufacturers a practical and efficient solution for defect detection in PCB assemblies. The
system's real-time capabilities enable seamless integration into the production line, facilitating timely defect
identification and correction. Experimental results have validated the performance of the system, showcasing high
accuracy and efficiency in detecting missing footprints across various PCB layouts and component configurations.
Comparative analyses with traditional manual inspection methods have highlighted the superiority of the automated
approach in terms of speed, consistency, and repeatability.

Furthermore, the modular design of the system allows for flexibility and scalability, making it adaptable to evolving
manufacturing requirements and technological advancements. Continuous optimization and refinement of the
system's algorithms and hardware components promise further enhancements in detection accuracy and processing
speed. In the context of the rapidly evolving electronics industry, where product quality and time-to-market are
critical factors, the deployment of real-time automatic visual inspection systems holds immense potential for driving
efficiency, reducing production costs, and improving customer satisfaction. As such, the findings of this study
contribute to advancing the state-of-the-art in PCB manufacturing quality control and pave the way for future
research and development endeavours in automated inspection technology.
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