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In elect ronics manufacturing, automated product ion has undeniably revolut ionized the indust ry, enabling the creat ion 

of high-quality products at  an unprecedented scale. However, it  comes with its own set  of challenges, part icularly the 

potent ial for specific failures that  need human intervent ion. The rapid advancements in technology, such as the 

Indust rial Internet  of Things (IIoT), big data analysis, cloud comput ing, and art ificial intelligence (AI), have ushered in 

the era of Indust ry 4.0, promising more intelligent  manufacturing processes. Smart  manufacturing, a pivotal part  of this 

t ransformat ion, relies on real-t ime decision-making based on operat ional and inspect ional data, seamlessly integrat ing 

the ent ire manufacturing process into a unified framework. This digital t ransformat ion of cyber-physical systems 

enables proact ive responses to uncertain situat ions while ensuring heightened efficiency. 

 

In the context  of printed circuit  board assembly (PCBA) with surface mount  technology (SM T) lines, IIoT technology 

accelerates data collect ion on equipment status and product ion quality. Data-driven solut ions, powered by AI and 

machine learning algorithms, can diagnose abnormal defects, and adjust machine parameters on the fly in response to 

unexpected changes during product ion. Collaborat ing with various SM T indust ry partners, researchers at  the State 

University of New York at  Binghamton (Binghamton University) have developed a groundbreaking framework based on 

AI-based closed-loop feedback cont rol and parameter opt imizat ion. This innovat ion promises to implement a smart  

manufacturing solut ion in the PCB assembly, with a focus on improving yield and throughput . This AI-based framework 

holds the potent ial to pave the way for data-driven process cont rol in SM A. 

 

Binghamton University Collaboration 

Since 2016, Koh Young Technology and the Smart  Elect ronics M anufacturing Laboratory (SEM Lab) at  Binghamton 

University’s Integrated Elect ronics Engineering Center (IEEC) have been collaborat ing on several key research init iat ives 

to improve the assembly process in elect ronics manufacturing using AI integrat ion. The 

aim of the SEM Lab is to develop smart  elect ronics manufacturing solut ions using data 

science and AI principles to manufacture sophist icated printed circuit  board 

assemblies with a focus on advanced robot ics to revolut ionize the 

elect ronics manufacturing process with improved yield and 

product ivity. With automat ic opt imizat ion, real-t ime 

intelligence techniques, and the implementat ion of advanced 

analyt ical approaches to the data collected from the 

equipment , the smart  systems can deliver fewer defects, 

higher product ivity, and increased reliabilit y with cost-efficient  results. 

  

The team from Binghamton University including Dr. Seungbae Park, Dr. Daehan Won, Dr. Sangwon Yoon, and Benson 

Chan have helped deliver several beneficial studies that helped drive Koh Young to further refine and deliver award-

winning AI-based solut ions. The research envelops developing closed-loop cont rol and opt imizat ion modules using self-

opt imizat ion and AI-based diagnost ics for process enhancement in the Printed Circuit  Board Assembly. This research is 

clearly advancing PCBA with innovat ive art ificial intelligence and machine learning techniques.  

 



 

 

M achine Intelligence in PCBA 

In printed circuit  board assembly (PCBA), each step significant ly affects the final quality and throughput of the PCB 

product . The solder print ing process, for instance, is a crit ical operat ion that  causes upwards of 80 percent  of PCBA 

soldering defects. Print ing faults, characterized by an inadequate volume of solder paste on PCB pads, can lead to board 

failures and substant ial rework costs. The component  mount ing process, encompassing expensive machine investments 

and extended product ion t imes, is another high-cost procedure. M eanwhile, in the reflow process, the quality and 

reliabilit y of solder joints are cont ingent upon reflow oven temperature and related sett ings. Consequent ly, inspect ion 

machines, such as solder paste inspect ion (SPI) and automated opt ical inspect ion (AOI) can enhance PCBA. Specifically, 

integrat ing two independent , but linked AOIs in the PCBA line before and after reflow can detect component  defects. 

 

As elect ronics components shrink (e.g., 0201M  components), PCBA-related failures increase. The SEM Lab has the tools 

in place to help find solut ions: solder paste printers, component  mounters, and a reflow oven, as well as Koh Young SPI 

and AOI machines. Extensive test ing on over 8,000 PCBs revealed that  numerical methods based on physical propert ies 

may have pract ical limitat ions in explaining the behavior of small-scale components. This is often due to unknown 

environmental factors like temperature, humidity, machine calibrat ion, measurement  inaccuracies, and vibrat ions, which 

can influence PCBA quality. Research demonst rates that  AI-based methods can enhance product  quality by up to 35 

percent  and reduce scrap rates compared to t radit ional approaches. This suggests data-driven intelligent process cont rol 

can advance PCBA significant ly. 

 

Intelligent Inspection M odules 

The goal of smart  PCBA is to maintain opt imized set t ings both offline and online. AI and data analyt ics solut ions can 

opt imize PCBA process parameters before product ion (offline cont rol) and during product ion (online cont rol). A print ing 

advisor module uses sophist icated data-driven methodologies to improve the printed circuit  board quality and increase 

process robustness. Reinforcement  learning approaches developed a print ing opt imizat ion module to achieve intelligent 

cont rol of print ing parameters. Also, a print ing diagnosis module will reduce the operat ional costs and potent ial failures 

by ident ifying and prevent ing the root causes.  

 

Using deep learning models like convolut ional neural network and recurrent  neural network, we can detect  a potent ial 

anomaly in the PCBA to ensure high operat ion reliabilit y and smart  process cont rol. Yet , beyond print process 

advancements, the collaborat ion is also helping drive component  mount ing improvements. Test ing is underway on 

modules designed to ident ify opt imal component  placement  posit ions by predict ing post -reflow posit ions based on data 

collected by SPI, Pre-AOI, and Post-AOI machines, as well as offering adapt ive placement  adjustments during product ion. 



 

 

Preliminary results show an 18 percent reduct ion in misalignments compared to convent ional placement methods. 

M oreover, the module uses operat ional and AOI inspect ion data to t race the root causes of mounter defects and prevent 

future failures, achieving an 84.50 percent  accuracy in finding known root  causes. These efforts not  only save t ime and 

labor but  also enhance the automated PCBA process. The innovat ive elect ronic manufacturing solut ions from this project 

will promote the sustainable success of the elect ronics manufacturing and improve the compet it ive advantage with 

efficient  manufacturing decision making, improved product  quality, and increased profitabilit y, while advancing Indust ry 

4.0 development  for PCBA. 

 

Summary and Conclusion 

The increasing complexity of PCBA, driven by the demand for small-scale elect ronics products, requires innovat ive 

solut ions. With AI and big data harnessed from various inspect ional operat ions, PCBA can become intelligent and 

adaptable in response to dynamic environmental condit ions. By maintaining the ideal process parameters throughout  

the processes, AI-powered tools can help manufacturers improve quality and yield without sacrificing product ion speed. 

Automated, smart  systems open the door to the next  level of elect ronics manufacturing, by ut ilizing data from end-users 

to facilitate customized product  manufacturing with enhanced efficiency for high-mix/ low-volume product ion. This not  

only expands the possibilit ies for design variat ions but  also accelerates delivery t imes, ushering in a new era for 

elect ronics manufacturing. 

 

 

To learn more about the Koh Young efforts to st reamline the journey to a smart factory using our True3D inspect ion 

solut ions visit  us at  www.kohyoungamerica.com or through these FREE downloads from Koh Young: 

 The Printed Circuit Assembler's Guide to...SM T Inspection: Today, Tomorrow, and Beyond [eBook] 
o ht tps:/ / iconnect007.com/ my-i-connect007/ books/ inspect ion/  

 The Companion Guide to…SM T Inspection: Today, Tomorrow, and Beyond [eBook] 
o ht tps:/ / iconnect007.com/ my-i-connect007/ books/ kycg/  

 Small Data, Big Challenges: The Journey to Realize AI in our Industry [article] 
o ht tps:/ / kohyoungamerica.com/ small-data-big-challenges-journey-t o-realize-ai-in-our-industry/  

 The Smart Factory: AI-based Closed-loop Self-Optimization Platform [art icle] 
o ht tps:/ / kohyoungamerica.com/ smart -factory-in-elect ronics-manufact uring-ai-based-closed-loop-self-organizat ion-plat from/  

 The Koh Young Story: 20-years of Innovation [article] 
o ht tps:/ / kohyoungamerica.com/ the-koh-young-st ory-twenty-years-of-innovat ion/  

http://www.kohyoungamerica.com
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