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AI Enhancement to AOI for PCB Assembly 

 

Background & Purpose of the Survey 

In recent years, machine learning and artificial intelligence (AI) models have been adopted to 

help with the pass/fail judgement of automated optical inspection (AOI) machines. Large 

quantities of images are used to train AI models to identify true defects. Integrating AOI data 

to appropriate predictive analytic solutions and incorporating AI solutions into AOI processes 

has the potential to detect true failures with greater accuracy and in less time. It also helps 

reduce man-hours, re-inspection and repeated machine program optimization processes. The 

International Electronics Manufacturing Initiative (iNEMI) conducted an industry-wide survey 

in April 2022 to assess the adoption status of AI for AOI in board assembly. The survey looks 

to highlight common challenges or capture lessons learned for future development. It also 

identifies the defect modes and component types most commonly seen from AOI. Results 

from this survey will help define future AI solution scenarios for improving the AOI process. 

It will also inform the definition of an experiment plan for the next phase of iNEMI’s AI 

Enhancement to AOI for PCBA project.  

Survey Respondents 

A total of 72 industry professionals across the electronics manufacturing industry participated 

in the survey. Figure 1 gives an overview of the composition of the respondents. The largest 

group of respondents was from OEM/EMS/ODM companies (52), while 12 respondents were 

from AOI equipment vendors. Only 3 people from AI solution providers and 2 from test service 

providers participated in the survey.  Regarding job function, 15 respondents listed their job 

as test and inspection, 14 were from manufacturing, 12 said they work for product 

development and engineering, 8 were from sales and marketing, and 18 were from R&D, 

engineering or business management. None of the respondents were data analysts.  

 

Figure 1: Composition of Survey Respondents 
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This survey includes a total of 

38 questions and not all 

questions were answered by all 

the participants. When asked 

about their knowledge and 

experience with AOI 

technology, 23 described 

themselves as “Expert,” 30 as 

“Intermediate” and 9 said 

“Beginner.”  As to their 

experience with AI technology, 

only 1 answered Expert, 13 said 

Intermediate and 13 said they were Beginners. As shown in Figure 2, more respondents are 

experienced with AOI than they are with AI; however, more people are starting to use, or 

have interest in, AI technology. Among the 72 individual respondents, only 9 reported they 

have already implemented AI in the AOI space, 4 are in the process of adopting AI, and 2 are 

in the planning stage. 

Among the more than 30 respondents who answered the questions focusing on AOI 

technology, only 16 individuals from 9 companies answered the in-depth questions about 

using AI for AOI, as they were experienced in adoption. 

The observations presented here are based on the survey responses received. Though the 

sample size might not be high enough to draw solid conclusions, the valuable input from the 

survey still provides us insights to the current adoption status of AI in AOI, the challenges and 

needs, and where the focus should be for future development and industry collaboration. 

Major Observations 

Adoption of AI for AOI 

“Enhance inspector accuracy,” “Improve manpower efficiency,” and “Speed up the 

integration of new products” were the highest rated motivations for manufacturers to adopt 

AI for AOI. This indicates the benefits of applying AI for AOI are widely understood by the 

industry.  

Survey results show the mature usage of AOI in electronics manufacturing; however, the 

adoption of AI for AOI is still in the early phase. When asked about their strategy for adopting 

AI for AOI, the highest number of responses went to “Through collaboration (Supplier, AI 

solution provider, University etc.)” and “Use available solution in market,” followed by 

“Design and develop own solution in house.” The decision to integrate AI and the choices 

made probably depend on the available AI development resources and the nature of the 

company’s business. 

AI solutions have been emerging in the market, not only “AI for image inference," but also "AI 

for AOI program development."  There are different AI development platforms used by the 

industry. The survey shows TensorFlow, Pytorch and Matlab are used slightly more than Caffe, 

 
Figure 2: Knowledge & Experience on AOI and AI 
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Scikit Learn and others. The platform selection typically depends on the user’s experience, 

and the capability of different platforms. Some AOI equipment vendors have developed their 

own platforms.  

The importance of having a data scientist resource to support AI has been recognized, but this 

resource is not yet readily in place in many organizations. 

There is no strong recommendation from the survey respondents on the standardized process 

flow for integrating AI into the AOI process hence more efforts and even innovations are 

needed to establish cost-efficient approaches. 

The quantity of available trained AI model varies, only one survey respondent reported they 

have over 10 AI models to classify different AOI defects. This result reflects the early AI model 

development status among the industry. More data and efforts are needed to develop 

sufficient AI models and mature AI solutions to meet the expectations of EMS users. 

Challenges to Current AOI Technology 

High false call rate, programming time and issues, repeatability, fine pitch and miniaturization, 

special components and surface features are most frequently mentioned as challenges to the 

current AOI technology.  Inspection of component markings and soldering were also 

emphasized. Figure 3 provides the details of the word frequency analysis result.  

 

Figure 3: Word Cloud Analysis about The Challenges to AOI 
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AOI Performance Indices  

False Call Rate is the most used index in the industry for evaluating AOI performance, followed 

by GRR, FPY, Escape Rate, Programming Optimization Duration, and so on (see Figure 4).  

Defect Modes and Component Types Most Challenging to AOI 

In the next phase of the iNEMI project, the team plans to establish a test vehicle to evaluate 

the enhancement AI brings to AOI for detecting post-reflow defects in board assembly. Survey 

questions were designed to help us prioritize the defect modes and component types that 

are most challenging to AOI. The project team adopted several selection criteria considering 

the overall quality control, then added weights to different defect modes and processed the 

data. Finally, the following top 20 combinations of defect modes and component types were 

selected (listed in alphabetical order). These will be incorporated into the experiment design 

for the next phase of the project.  

Defect Mode Components 

Body marking mismatch / wrong 

component 
QFN, QFP and SOIC 

Insufficient solder  
Capacitor, connector, inductor, LED, QFN, 

QFP, resistor and SOIC 

Lifted lead / package coplanarity Connector, QFP and SOIC 

Solder open / dewetting / nonwetting 
Capacitor, connector, QFN, QFP, resistor 

and SOIC 

Experience from Implementing AI in AOI 

Some developers or users of AI for AOI shared their experiences and lessons learned in the 

survey. The following areas are recommended to be considered when adopting AI for AOI, 

which also indicates where more work needs to be done for improvement. Figure 5 highlights 

the most frequently mentioned words collected from the survey. 

⚫ Product factors: complexity of product design, PCB design, board flatness, test 

requirements, component types, features, and new variations 

⚫ System including hardware and software: platform for AI development, 

communication performance and processing capabilities, storage, compatibility, 

integration of AI to AOI process 

⚫ AI model and training: creation of suitable models, collection of data and images in 

good quality and sufficient quantity, AI algorithms, cycle time 

⚫ Others: standard for pass/fail judgement, expertise, cost, time, space, upgrade and 

maintenance, performance indices for both operators and AI (escape, false call, 

coverage, etc.) 
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Referential Results 

The following charts generated from the survey responses provide additional details about 

how people are currently training or re-training AI, what image types and data are collected 

and where they are stored, the key factors influencing data processing speed and accuracy, 

the approaches for optimizing AI algorithms, and the dashboard used to monitor the 

performance with the evolving AI model.  

Observations 

⚫ AOI usually generates several images for one component (3D, 2D, angle camera…). 

Results indicate most companies use a combination of 2D and 3D images as input for 

training the AI model (Figures 6, 7). 

⚫ On-premises AI development is currently the major environment for AI training, 

while the online cloud AI development platform is not yet widely adopted (Figure 8). 

⚫ Industry reached common understanding on the factors for optimizing AI algorithms. 

“More data collection” got the highest rating (Figure 9). 

⚫ To quickly and accurately processing images and signals, factors such as computer 

server and system, network speed, data format and protocol are considered more 

important (Figure 10). 

⚫ Companies use different approaches to re-train the AI model for continuous accuracy 

improvement, “Closed loop system” got higher rating than “Manual Re-train” (Figure 

11). 

⚫ There are multiple options for image data uploading. Currently most are still using 

AOI systems and IT servers (Figure 12). 

⚫ Various indicators are used in the manufacturing industry to evaluate AI model 

performance. Trend charts, accuracy, detection rate and false positive percentage 

are commonly used (Figure 13). 

 

Figure 5: Word Cloud Analysis of the Experience from Implementing AI in AOI 
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Figure 6: Input Features of The AI Model Figure 7: Image Types Used for AI Training 

 
 

 
 
 

  
Figure 8: How to Train the AI Model Figure 9: Optimize AI Algorithm More Efficiently for AOI 

 
 

 

 
 

 
 
 

  
Figure 10: Factors to Quickly and Accurately Processing 

Images and Signals  
Figure 11: How to Re-train the AI Model for Continuous 

Accuracy Improvement  
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Figure 12: Where to Upload the Image Data used in 
Training Dataset 

Figure 13: Dashboard to Monitor Improvement — i.e., to 
show how an AI for AOI model evolves in performance 

 

 

Conclusion 

The adoption of AI for AOI in the PCB assembly process is still at an early stage. Though the 

manufacturing industry has already gained some experience, this survey highlights obvious 

knowledge and resource gaps to be addressed. Not many trained AI models are available to 

cover various component types and defect modes and, on the personnel side, data scientists 

are needed to effectively add AI to board assembly processes. False call rate, GRR, FPY, Escape 

Rate, and Programming Optimization Duration are commonly used to evaluate AOI 

performance. Practical evaluation and industrial references are needed for AOI users to gain 

confidence and become better prepared for investing in AI technology and integrating it into 

their manufacturing processes. Based on the helpful input from the survey, iNEMI project will 

continue with experimental work to further explore the potential benefit and performance 

enhancement that AI would bring for AOI in board assembly.  

 

-------------------------------------------------------------------------------------------------------------------------- 

Thanks to all of the survey respondents for their time and contributions. Click here to 

download a copy of the original survey questionnaire. Contact Haley Fu 

(haley.fu@inemi.org) if you have any questions about the survey or would like to be 

involved in the iNEMI project. 

- END - 
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