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Abstract: The rapid advancement of electronic devices has driven an increased need for 

automated testing and fault diagnosis in Printed Circuit Boards (PCBs). PCB defect detection is 

critical in ensuring product reliability and reducing manufacturing costs. Traditional defect 

detection methods, including manual inspections and basic image processing, often fall short due 

to their limited ability to handle complex and diverse fault types. Recent research has leveraged 

deeplearning-basedtechniques,offeringpromisingimprovementsinaccuracyandefficiency.This 

surveyreviews state-of-the-art deep learning models employed for PCB defect detection, focusing 

on their ability to capture intricate patterns and variations in PCB images. Techniques such as 

CNN-based methods, YOLO models, and enhanced Faster-RCNN frameworks are explored, each 

with unique optimizations suited to real-time fault detection, small object preservation, and 

imbalanced data handling. Key contributions from the literature are analyzed, highlightingmethods 

like YOLOv7-TID for lightweight defect detection, the SOIF-DN model for preserving small 

object information, and Faster Net with CBAM attention for accelerated processing. The 

comparison of these techniques underscores trade-offs between model efficiency, accuracy, and 

adaptability to diverse PCB defect datasets. Furthermore, challenges such as data privacy, model 

interpretability, and ethical considerations are discussed, presenting potential avenues for future 

research. This survey aims to provide a comprehensive overview of the current landscape in PCB 

defect detection and to inform future development of robust and scalable solutions in automated 

testing and fault diagnosis systems. 

Introduction: 

TheincreasingcomplexityandminiaturizationofelectronicdeviceshavemadePrintedCircuit 
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Boards (PCBs) integral to modern electronics, necessitating precise and reliable manufacturing 

processes. PCBs form the backbone of electronic circuits, supporting and connecting various 

electronic components. Ensuring the quality and functionality of PCBs is crucial, as even minor 

defects can compromise the performance, reliability, and lifespan of electronic products. 

Traditionally, PCB testing and fault diagnosis have relied on manual inspection and standardimage 

processing techniques. However, these methods are often labor-intensive, time-consuming, and 

prone to error, especially when dealing with high-density and intricate PCB layouts. As a result, 

there is a growing demand for automated and efficient PCB fault detection systems that leverage 

recent advances in machine learning, particularly deep learning. Deep learning has emerged as a 

promising approach for enhancing the accuracy and efficiency of PCB defect detection. Recent 

studies have shown that deep learning models, such as Convolutional Neural Networks (CNNs) 

and object detection frameworks like YOLO and Faster-RCNN, can significantlyimprove 

faultdetectionbyautomaticallyidentifying complex patterns and anomalies. These models can 

handle a variety of PCB defect types, from misalignments and missing components to surface 

irregularities. This survey reviews notable advancements in deep learning applied to PCB defect 

detection, including optimized lightweight models (e.g., YOLOv7-TID), specialized architectures 

for small object detection (e.g., SOIF-DN), and enhanced networks for rapidprocessing 

(e.g.,FasterNetwithCBAMattention). By analyzing these techniques,weaim to provide a 

comprehensive understanding of the current landscape in automatic PCB testing and fault 

diagnosis, identifythe advantages and limitations of different approaches, and explore future 

research directions that could further advance this critical field. 

TechniquesinPCBDefectDetection: 

 

PCB defect detection has seen significant advancements with the adoption of machine learningand 

deep learning techniques. Below is an overview of key techniques and related literature, each 

contributing unique capabilities to enhance defect detection accuracy, address imbalanced data, 

and optimize performance in real-world applications. 

1. ConvolutionalNeuralNetworks(CNNs)forPCBDefectDetection 

 
CNNs are foundational in image processing tasks due to their powerful feature extraction 

capabilities,particularlyindetectingspatialhierarchiesin images.Wuetal.(2021) utilizedCNNs 
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for PCB defect detection, demonstratinghow convolutional layers can effectivelycapture intricate 

patterns and anomalies on PCB surfaces. Their work highlights the importance of CNN 

architectures for handling diverse defect types, particularly in scenarios where traditional image 

processing methods are insufficient. By employing multiple convolutional and pooling layers, 

CNN-based methods can learn features at varying levels, enabling high accuracy in detecting 

surface irregularities, missing components, and misalignments in PCB layouts. This study also 

noted CNNs' flexibility in adapting to different PCB structures and component layouts, making 

them well-suited for general-purpose defect detection across a variety of PCB types. 

2. YOLO-basedModelsforReal-TimeDetection 

 
The YOLO (You Only Look Once) family of models is well-regarded for its real-time object 

detection capabilities, which makes it a strong candidate for PCB defect detection in high- 

throughput environments. Several adaptations of YOLO have been explored for PCB fault 

diagnosis: 

● YOLOv7-TID: Zhuo et al. (2024) introduced YOLOv7-TID, a lightweight variant 

specifically designed for PCB defect detection with a focus on efficiency. This model 

balances performance with computational cost, making it suitable for environments with 

limited processing power. Zhuo et al. emphasized that YOLOv7-TID's streamlined 

architecture enables faster defect detection without compromising on accuracy, an 

important feature for assembly lines and other production environments where speed is 

crucial. 

● YOLO forMixedDefect Detection: Anchaet al.(2024) assessedYOLO modelsin 

real-world scenarios, using a novel dataset with a mix of defect types commonly seen in 

PCBs. The study demonstrated that YOLO’s versatility allows it to handle various defect 

categories, from structural defects like misalignment to functional issues like broken 

connections. YOLO’s region proposal mechanism and anchor boxes were particularly 

effective in localizing smaller defects, enhancing its applicabilityin complex PCB layouts. 
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3. EnhancedFaster-RCNNandFeaturePyramidNetwork(FPN) 

 
Faster-RCNNiswidelyadoptedforobjectdetectionduetoitsaccuracyinlocalizingobjectswithin an 

image. However, standard Faster-RCNN models are often inadequate for small objects, which are 

common in high-density PCBs. Hu and Wang (2020) enhanced Faster-RCNN with a Feature 

Pyramid Network (FPN), which improves feature detection at multiple scales. The FPN 

architecture allowed the model to retain detail from small objects, resulting in higher accuracy in 

defect detection on dense PCBs. This enhancement is particularly useful in detecting small-scale 

surface defects, where preserving fine details is critical. 

4. SOIF-DNforSmallObjectPreservation 

 
Preserving small object information is crucial in PCB defect detection since small-scale faults can 

significantly impact functionality. Joo et al. (2023) proposed the SOIF-DN model, designed to 

maintain information flow for small objects throughout the neural network layers. By integrating 

an attention mechanism, SOIF-DN highlights critical features associated with minor defects. This 

model proved highlyeffective in scenarios where standard detection models often overlook minor 

faults, thus providing an improved method for capturing defects that are subtle but impactful onthe 

PCB’s performance. 

5. FasterNetwithCBAMAttentionMechanism 

 
Attention mechanisms are increasingly used to focus the model’s resources on relevant features, 

thereby enhancing detection accuracy and efficiency. Chen and Dang (2023) integrated the 

Convolutional Block Attention Module (CBAM) into Faster Net, creating a model that applies 

attention to both spatial and channel dimensions of an image. This approach not only improved 

detection speed but also enhanced defect localization by focusing on regions of interest, such as 

edgesor high-contrast areason PCBs wheredefects arelikelyto occur.This method demonstrated 

notable performance improvements in speed and detection accuracy, making it suitable for high- 

throughput inspection processes. 
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6. ComprehensiveSurveysonDeepLearning-BasedPCBDetection 

 
GeneralsurveysprovidebroadinsightsintothelandscapeofPCBdefectdetectiontechniques: 

 

● Ling and Isa (2023) conducted an extensive surveyon PCB defect detection methods, 

covering image processing, machine learning, and deep learning approaches. Their work 

serves as a comprehensive overview of the field, identifying key challenges such as 

handling imbalanced data, which is a common issue in PCB datasets where some defects 

occurinfrequently.Thissurveyemphasizestheshifttowardsdeeplearningduetoitsability to 

handle complex defect patterns and variability in PCB layouts. 

● Chen et al. (2023) provided a detailed review focusing specifically on deep learning 

methods for PCB defect detection. Their survey categorized methods based onarchitectures 

and use cases, discussing the trade-offs between model complexity and computational cost. 

They noted that while complex architectures like FPN and attention- based models offer 

superior accuracy, lightweight models are advantageous in real-time applications 

 

ComparativeAnalysisandInsights 

 
These studies collectively reveal that various deep learning models offer unique advantages 

tailored to specific PCB testingrequirements. YOLO-based models, with their emphasis on speed, 

are particularlysuitable for real-time applications, while CNNs and Faster-RCNN models provide 

greater accuracy for complex and small-scale defect detection. Additionally, the integration of 

attentionmechanismsandfeaturefusion(e.g., FasterNetwithCBAM)has beenshowntoimprove 

performance, particularly in cases where small defects need to be preserved. Surveys by Ling and 

Isa, and Chen et al. provide a valuable overview of the landscape, highlighting the field's 

progression towards more efficient and accurate automated systems for PCB fault diagnosis. 

These techniques address various challenges in PCB defect detection, each contributing to 

improvements in accuracy, processing speed, and adaptability to real-world applications. By 

understandingthestrengthsandlimitationsofeachmethod,researchersandpractitionerscanbetter 
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selectandoptimizetechniquesforspecifictestingscenarios,advancingthefieldofautomatedPCB testing and 

fault diagnosis. 

 

 
 

 

 

 

Paper& 

Author 

TechniquesUsed Findings Performance 

Parameters 

[1]Wuetal.(2021) Single Shot MultiBox Detector 

(SSD), Feature Pyramid 

Networks (FPN) 

Both SSD and FPN achieved 

high detection accuracy, with 

FPN outperforming SSD. But 

study does not address 

lightweight or 

real-timeimplementations 

Method 

SSD 

1)Precision-89.7% 

2)Recall-78.5% 

3)F1-Score-83.7% 

FPN 

1)Precision-92.7% 

2)Recall-97.3% 

3)F1-Score-94.6% 

[2]Zhuoetal.(2024) Lightweight YOLO 

v7-TIDarchitecture 

superior in handling PCB 

defect detection efficiently 

YOLOv7- TID model reaches 

96.3%, demonstrating excellent 

detectionperformanceandhigh 

robustness 

[3]Anchaetal.(2024) variousversionsofYOLO 

(includingYOLOv5andYOLO 

YOLOv7demonstrated 

strong performance in mixed 

defect scenarios 

SpeedofYOLOV7(115.73FPM) 

Memory YOLO V7 (71.3mb) 

Speed of YOLO V5(120.69 FPM) 

MemoryYOLOV5(3.87mb) 

[4]Chenetal.(2023) review of deep learning-based 

approaches, such as YOLO, 

Faster R-CNN, and 

segmentation algorithms 

Offers an in-depth 

categorization and analysis of 

deep learning methods, 

theirstrengths,weaknesses, 

andreal-worldapplicability 

 
 

 

ReviewPaper 

[5]Jooetal.(2023) SOIF-DN (Small Object 

Information Flow - Deep 

Network) 

SOIF-DN significantly 

outperformed conventional 

models in detecting 

small-scaledefects. 

Precision-0.756 

Recall-0.656F1 

Score-0.67 
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[6]ChenandDang(2023 improved YOLOv7 combined 

withtheFasterNetbackbone 

Their method offers 

improved detection 

accuracy, inference speed, 

and robustness. 

P-96.9% 

R-95.6% 

FPS 83. 

[7]LingandIsa(2023) Comprehensive survey covering 

image processing, machine 

learning, and deep learning for 

PCBdefectdetection. 

The evolution from 

traditional methods to 

advanced deep learning 

Techniquesisexploredindeta 

 
 

 

ReviewPaper 

[8]HuandWang(2020) CombinesFasterR-CNNwith 

FPN for small-scale 

Defect detection. 

Effectively addresses the 

challenge of multi-scale 

feature extraction and small 

Defectdetection. 

detection speed is 0.08s/img 

which is improved by9% and 

0.042s/imginaccuracy. 

 

 

Conclusion: 

This survey highlights the evolution and impact of deep learning techniques on PCB defect 

detection, emphasizing their abilityto address the limitations of traditional methods. The adoption 

of CNNs, YOLO models, and enhanced Faster-RCNN frameworks has significantly improved the 

accuracy, efficiency, and adaptability of defect detection systems in real-world PCB testing 

scenarios. ModelslikeYOLOv7-TIDprioritizereal-timedetection,makingthemsuitableforhigh- 

throughput environments, while advanced architectures such as SOIF-DN and Faster Net with 

CBAM attention excel in preserving small object details and focusing on critical image features. 

Furthermore, these approaches effectively handle imbalanced data and diverse defect types, 

meetingthe unique challenges of PCB layouts and small-scale faults. Comprehensive reviews and 

surveys, such as those by Ling and Isa and Chen et al., provide valuable insights into the overall 

progression of the field. They underscore the benefits of deep learning in achieving a balance 

between model complexity and computational efficiency, allowing for scalable solutions in 

automated PCB testing. Moving forward, future research can focus on integrating hybrid models, 

enhancing interpretability, and addressing ethical considerations, particularly in data privacy. By 

continuing to refine and innovate upon these methods, the field is poised to deliver increasingly 

robust and accurate diagnostic tools, advancing both manufacturing quality and reliability across 

industries reliant on PCB technology. 
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