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Abstract 

The main goal of this dissertation is to investigate an AI-based pick-and-place closed-loop control 

system capable of identifying optimal placement positions in a dynamic manufacturing 

environment. According to the industrial survey, assembly defects account for over 55% of field 

failures in passive components (the most frequently used chips on printed circuit boards). 

Moreover, the pick and placement (P&P) cause over half of the assembly defects. Thus, the P&P 

process is critical to improving surface mount technology (SMT). Components have traditionally 

been aligned with the pad centers, referred to as a place-on-pad (PP), and it is the most widely 

used method in the industry. However, with the miniaturization of electronic components, 

assembly defects have increased. Recently, an adaptive placement strategy has been introduced 

to improve assembly quality, called the "place-on-paste" (PPS). In our experiment with miniature 

passive components, PPS outperformed PP in some instances. As a result, an advanced 

placement strategy should be developed to improve the mini-size component assembly 

consistently. With limited historical data, this research proposes an AI-based P&P control system 

that uses both rule-based and machine learning-based placement methods. For the former, a PB 

is used to account for the offsets of the printed paste. Then, multiple dynamic placement options 

with synthetic placement data are generated. A hybrid machine learning algorithm predicts the 

final component misalignment based on the data. Finally, multiple decision-making rules identify 

the optimal placement option based on the prediction results. According to the experimental 

results, the machine learning-based model outperforms PP in a dynamic environment. In various 

application scenarios, the proposed framework outperforms industrial placement strategies. 

 

 

 

 

 

 

 

 

 

 

 


