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Abstract: Printed Circuit Boards (PCBs) play a vital role in the functionality of all modern electronic devices by providing both
mechanical support and electrical connectivity to components. Even minor faults or missing components on a PCB can lead to
the failure of the entire electronic system, making accurate inspection crucial during the manufacturing process. Traditional
visual inspection methods are time-consuming, error-prone, and inefficient, especially when detecting tiny or hidden defects. To
overcome these limitations, this project presents an automated PCB verification system using LabVIEW and image processing
techniques. The proposed system uses high-resolution imaging and template matching to compare a test PCB against a reference
(perfect) board. Using NI Vision tools in LabVIEW, images are pre-processed enhanced through zooming, noise reduction,
sharpening, and alignment to ensure optimal matching conditions. The system evaluates features such as component presence,
position, and size to detect any missing, misplaced, or extra components. If the calculated match score falls below a defined
threshold, the PCB is flagged as defective. The results, including the pass/fail status and identified faults, are automatically
generated and stored as a detailed report for quality documentation. This system provides a fast, accurate, and cost-effective
alternative to expensive Automated Optical Inspection (AOI) machines, making it suitable for small-scale industries, educational
labs, and prototype testing environments. By automating the inspection process, it enhances production efficiency, reduces
human error, and ensures higher consistency in quality control. The system demonstrates how software-driven image processing
using LabVIEW can bridge the gap between manual inspection and high-end industrial inspection technologies.
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I. INTRODUCTION

Printed Circuit Boards (PCBs) are the foundation of modern electronic circuits, providing mechanical structure and electrical
connectivity for components. In manufacturing and assembly lines, ensuring that each PCB is free of defects is crucial because even
minor errors such as missing or misplaced components can lead to the failure of the entire system. Traditionally, PCB inspection is
carried out using manual visual checks or electrical testing methods such as In-Circuit Testing (ICT) and flying probes. While
effective for detecting functional faults, these methods fall short in identifying visual anomalies like missing or wrongly placed
components. Furthermore, manual inspection is time-consuming, prone to human error, and inefficient in high-volume production
environments. To address these limitations, the proposed system leverages image processing techniques integrated with LabVIEW
software to automate the inspection process. This system uses high-resolution imaging and template matching to detect
discrepancies between a reference (ideal) PCB and a test PCB. Unlike expensive Automated Optical Inspection (AOI) systems,
which are often unaffordable for small-scale manufacturers or educational labs, this solution is both cost-effective and scalable.
LabVIEW, with its graphical programming and built-in NI Vision modules, simplifies the development of image processing
algorithms and control interfaces. By automating PCB verification, this project aims to enhance speed, reliability, and inspection
accuracy while reducing labor and operational costs. It also ensures consistent quality control throughout the production process.
The inspection data and results are automatically documented, allowing manufacturers to trace defects and maintain quality records.
The system not only improves product quality but also boosts production efficiency, making it highly suitable for both industrial and
academic applications.

A. Objective

1) Automate the PCB Inspection Process: To develop an automated system that eliminates manual inspection by using image
processing techniques for faster and more accurate defect detection in assembled PCBs.

2) Detect Missing and Misplaced Components : To identify missing, misaligned, or incorrectly placed components on the PCB
using template matching by comparing test PCBs with a reference image.
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3) Utilize LabVIEW and NI Vision for Image Processing: To implement image acquisition, pre-processing, pattern matching, and
result evaluation using LabVIEW’s NI Vision toolkit for a graphical and modular development environment.

4) Enhance Inspection Accuracy and Reliability: To reduce human error and improve consistency by using high-resolution image
analysis and predefined accuracy thresholds in component verification.

5) Generate Automated Inspection Reports: To produce pass/fail results and defect details in a structured report format, which can
be stored or printed for quality control documentation.

Il. LITERATURE SURVEY

PCB inspection has long been a critical quality control step in electronics manufacturing. Traditionally, visual inspection methods
were used, relying on human judgment to detect missing or misaligned components. However, this approach is subjective, error-
prone, and inefficient for high-speed or high-density circuit boards. According to previous research, human inspectors can miss up
to 20-30% of small-scale defects due to fatigue and limitations in perception. Electrical testing methods such as In-Circuit Testing
(ICT) and flying probes can detect connectivity issues but fail to identify cosmetic or structural defects like missing components or
improper orientation. The automation of PCB inspection has been a focus of research to improve manufacturing efficiency and
quality control. Recent advancements in image processing, machine vision, and software platforms like LabVIEW have driven
significant progress in this field. This literature survey reviews key studies related to automated PCB inspection, highlighting their
methodologies, findings, and relevance to the proposed system. To overcome these challenges, Automated Optical Inspection (AOI)
systems have been widely adopted in industrial settings. These systems use high-speed cameras and specialized software to inspect
PCB surfaces for defects. However, they come with high initial costs and complex setup requirements. Therefore, many small and
medium-sized manufacturers seek affordable alternatives without compromising inspection accuracy.

1) Limetal. (2017) — "Automated PCB Inspection Using Machine Vision™

Title: Machine Vision-Based Automated PCB Inspection System

Methodology: This study proposes a machine vision system for PCB defect detection using image subtraction and edge detection
techniques. A high-resolution camera captures PCB images, which are compared against a reference image to identify defects like
missing components or solder joint issues.

Results: The system achieved a detection accuracy of 90% for common defects, with processing times under 2 seconds per board.
However, it struggled with complex PCBs due to lighting variations.

Relevance: Lim’s use of image comparison aligns with the proposed system’s template matching approach. The proposed system
mitigates lighting issues through advanced pre-processing in LabVIEW, enhancing robustness.

2) Patel and Shah (2019) — "PCB Defect Detection Using LabVIEW"

Title: LabVIEW-Based PCB Defect Detection System

Methodology: The authors developed a LabVIEW-based system integrating NI Vision tools for PCB inspection. The system
employs pattern matching and thresholding to detect missing or misaligned components, with results displayed on a graphical user
interface (GUI).

Results: The system achieved 88% accuracy and was suitable for educational and small-scale applications. Limitations included
dependency on high-quality reference images and manual threshold adjustments.

Relevance: Patel’s work directly informs the proposed system’s use of LabVIEW and NI Vision. The proposed system improves on
this by automating threshold settings and incorporating noise reduction techniques for enhanced accuracy.

3) Wang et al. (2020) — "Deep Learning for PCB Inspection™

Title: Deep Learning-Based Automated PCB Defect Detection

Methodology: This study utilizes Convolutional Neural Networks (CNNs) for PCB defect classification, training models on a
dataset of defective and non-defective PCB images. The system detects faults like solder bridges and missing components.

Results: The CNN achieved 95% accuracy but required significant computational resources and extensive training data. It was less
practical for small-scale industries due to cost.

Relevance: Wang’s high accuracy highlights the potential of advanced algorithms. While the proposed system uses simpler template
matching for cost-effectiveness, it could integrate deep learning in future enhancements, as outlined in the future scope.
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4) Kumar and Gupta (2021) — "Real-Time PCB Inspection with Image Processing"

Title: Real-Time PCB Inspection Using Image Processing Techniques

Methodology: The system employs image processing algorithms for real-time defect detection, focusing on component placement
and solder joint quality. It uses histogram equalization and morphological operations for image enhancement.

Results: The system processed PCBs in under 1 second with 92% accuracy. Challenges included sensitivity to image alignment and
environmental noise.

Relevance: Kumar’s emphasis on real-time processing aligns with the proposed system’s goals. The proposed system addresses
alignment issues through LabVIEW’s automated alignment tools, improving reliability.

5) Chen et al. (2023) — "AOI vs. Software-Based PCB Inspection™

Title: Comparative Study of AOI and Software-Based PCB Inspection Systems

Methodology: This study compares Automated Optical Inspection (AOI) machines with software-driven inspection systems using
platforms like LabVIEW. It evaluates performance metrics like speed, accuracy, and cost.

Results: Software-based systems offered comparable accuracy (90-93%) to AOI for simple PCBs at a fraction of the cost, making
them ideal for small-scale applications. AOI excelled in high-volume production.

Relevance: Chen’s findings validate the proposed system’s cost-effective approach for small-scale industries. The proposed system
builds on this by optimizing LabVIEW’s capabilities for user-friendly reporting and scalability.

11l. METHODOLOGY
The working of the Automatic PCB Verification System using LabVIEW is based on capturing, processing, and analyzing images to
detect defects in assembled PCBs. The core of the system involves using template matching a process in image processing where a
reference image is compared with a test image to identify differences. The process begins with capturing high-resolution images of
both a reference PCB (defect-free) and a test PCB using a standard digital camera under uniform lighting conditions. These images
are saved in a designated folder and then imported into the LabVIEW interface for processing. Pre-processing steps such as
zooming, noise reduction, sharpening, and alignment are applied to normalize the images and ensure consistent comparison
conditions. Once pre-processing is complete, LabVIEW converts the images into arrays and applies pattern matching using the NI
Vision module. Parameters such as color match sensitivity, sub pixel accuracy, and threshold scoring are configured. The software
overlays the reference image onto the test image and calculates a match score. If the match score falls below a user-defined
threshold, the PCB is classified as defective. The system then performs component-level analysis, checking the location, orientation,
and number of components against the reference. Missing or misplaced components are detected and highlighted. The system also
generates a check report showing pass/fail status and detailed defect descriptions. This report can be exported automatically in Word
format for documentation purposes. The automated nature of this process significantly reduces human error, increases inspection
speed, and ensures repeatable and accurate results. By using LabVIEW’s graphical programming environment, the system is also
easy to modify and scale for different PCB layouts, making it a practical and affordable solution for small manufacturers, labs, and
educational use.
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1) Input
Reference PCB: A perfect, defect-free PCB image used as the baseline for comparison.
Inspection PCB: The PCB under test whose image is compared against the reference to identify defects.

2) Storing Information
Component Specification: Information such as the number, type, size, and position of components from the reference PCB is stored.
This helps define what the correct board should look like.

3) Image Pre-Processing

This stage improves the image quality for better comparison and accuracy:

Zooming Operation: Adjusts the image size to focus on specific areas of interest.

Noise Removing: Filters out unnecessary elements or background noise from the image.

Sharpening Image: Enhances the edges of components to distinguish them clearly.

Alignment: Ensures both reference and test PCB images are perfectly aligned to enable pixel-level comparison.

4) Image Processing
Extracting Individual Component: Identifies and isolates each component in the test image using pattern recognition techniques.
These components are then compared with the stored specifications of the reference PCB.

5) Output

Defect Region: The system highlights areas where components are missing, misaligned, or extra—indicating a faulty PCB.

Check Sheet: A detailed report is generated, showing the inspection results including pass/fail status and defect locations. This
report is useful for quality control and record-keeping..
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Fig 2: Flow Diagram

IV. RESULT ANALYSIS
The implementation of the automatic PCB verification system using LabVIEW has yielded highly effective results in terms of
accuracy, processing speed, and ease of use. By comparing high-resolution images of test PCBs against a reference image through
template matching, the system successfully detected defects such as missing, misplaced, or extra components. During the testing
phase, the system demonstrated a detection accuracy of over 90% under well-lit and noise-free image conditions. Pre-processing
operations like sharpening, noise removal, and alignment significantly improved the clarity of features, which enhanced the
precision of component extraction and matching.
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Fig 3: Automated PCB Inspection Window
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The system processed each image pair within seconds, allowing for fast inspection even in batch scenarios. Unlike manual
inspection, which is prone to fatigue and oversight, the automated system provided consistent results across all tested boards.
Furthermore, the integration of LabVIEW's NI Vision toolkit allowed for configurable parameters like matching sensitivity and
threshold scores, enabling adaptability for different PCB layouts. The system also generated detailed check sheets and defect region
highlights, aiding in documentation and corrective actions. Importantly, the entire setup was developed at a low cost using standard
hardware and software tools, making it accessible for small-scale industries, academic institutions, and R&D labs. In conclusion, the
results confirm that this automated inspection system not only reduces inspection time and human error but also improves the
overall quality assurance process in PCB manufacturing.

DSC IC1 | IC2 | PCI Connector | Jumpers | Potentiometer | 10uF Capacitor | Other Capacitors | Diode Status
DSC_0725 2 9 1 3 1 1 14 1 PASSED
DSC_0726 2 S 1 3 1 1 14 1 PASSED
DSC.0727 2 > 1 3 1 1 14 1 PASSED
DSC_0728 2 5 1 3 1 1 14 1 PASSED
DSC.0729 2 5 1 3 1 1 14 1 PASSED
DSC_0730 1 5 1 8 1 1 14 1 FAILED
DSC_0731 2 S 1 3 1 1 14 1 PASSED
DSC.0732 2 o 1 3 1 1 14 1 PASSED
DSC_0733 2 5 1 3 1 1 14 1 PASSED
DSC.0734 2 5 1 3 1 1 14 1 PASSED
DSC.0735 1 5 1 3 1 1 14 1 FAILED
DSC.0736 1 5 1 S 1 1 14 1 FAILED
DSC.0737 1 5 1 3 1 1 14 1 FAILED
DSC.0738 2 5 1 3 1 1 14 1 PASSED
DSC_0739 2 5 1 3 1 1 14 1 PASSED
DSC.0740 2 5 1 3 1 1 14 1 PASSED

Table 1: Automated PCB Inspection Results

The Table presents a detailed record of PCB component inspections, tracking the presence of various elements across multiple
boards. Each row corresponds to an individual PCB image, while the columns represent the critical components under verification,
such as ICs, connectors, capacitors, and diodes. By structuring the data this way, manufacturers can easily compare component
counts across different inspection cycles, ensuring thorough defect detection and quality control. The inclusion of a status column
helps determine whether a board has passed or failed based on component integrity. A key observation from the table is the
consistency in component counts across multiple PCBs, indicating a stable manufacturing process. Most rows reflect identical
values for components, suggesting proper assembly and minimal defects. However, a few instances show variation in 1C 1 count,
leading to a FAILED status for certain boards. These discrepancies highlight potential misalignment, missing components, or
placement errors, which can impact PCB functionality. By identifying such trends, manufacturers can refine their assembly process
to prevent recurring defects.

V. CONCLUSION

The developed automatic PCB verification system using LabVIEW and image processing techniques effectively addresses the
limitations of manual inspection and traditional testing methods. By leveraging high-resolution imaging and template matching, the
system can accurately detect missing, misplaced, or extra components on a PCB. The use of pre-processing techniques like noise
removal, sharpening, and alignment has significantly enhanced the reliability of image comparison, leading to accurate and
consistent inspection outcomes. The system successfully automates the defect detection process, reducing inspection time and
minimizing human error. Additionally, it provides a user-friendly interface and automated reporting features, making it practical for
both industrial and academic applications. The low-cost implementation using LabVIEW’s NI Vision toolkit and standard imaging
equipment makes it accessible for small-scale manufacturers, R&D centers, and educational institutions. Overall, this system
improves the efficiency, consistency, and traceability of PCB inspection processes and proves to be a viable alternative to expensive
automated optical inspection (AOI) systems. The proposed system has significant potential for enhancement and broader
applications. One major future direction is the integration of Al and machine learning algorithms to classify and predict defect types
more intelligently, enabling adaptive inspection based on previous data patterns.
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The system can also be upgraded for real-time inspection in production environments by integrating conveyor belts and robotic arms
for automated PCB handling. Another important advancement would be cloud-based storage and monitoring, allowing inspection
data and reports to be accessed remotely for centralized quality control. Additionally, making the system compatible with mobile
platforms or embedded hardware could result in portable and field-deployable PCB testing tools. With further improvements in
image recognition algorithms and hardware, the system can evolve into a comprehensive and intelligent inspection platform,
suitable for complex multilayer PCB verification and large-scale electronics manufacturing environments.
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