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This study proposes a novel methodology by incorporating principal component 

analysis (PCA) into experimental design, aiming to address the time and cost-intensive 

optimization process associated with the Bill Recycle Machine (BRM) in Automated 

Teller Machines (ATMs). Unlike conventional cash dispensers, the BRM, a key 

component of ATMs, is designed for both cash deposit and withdrawal. It enhances 

ATM operational efficiency by recycling banknotes. Optimizing factors related to 

banknote separation and stack performance is critical for the BRM's efficiency, directly 

influencing the ATM's operational rate. Particularly, the banknote stacker, driven by a 

complex mechanism where a synchronized sensor detects the banknote and activates the 

stack sheet after a delay requires optimization of numerous underlying factors. 

By applying PCA to experimental design, this study effectively identifies critical 

factors related to stack misalignment, enabling the selection of principal variables from 

high-dimensional data. This approach significantly reduces the number of experiments 
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and associated costs by eliminating several experiments that traditionally would have 

been necessary. Furthermore, a comparative analysis was conducted between the factors 

selected through traditional experimental design methods and those identified via PCA, 

followed by optimization and validation tests, confirming the effectiveness of the 

proposed methodology. 

Conclusively, the integration of PCA in experimental design reduced the number of 

experiments by approximately 46.7% while enhancing performance by about 33%. This 

outcome demonstrates not only the efficiency of the experimental process but also the 

superiority of the results. This study provides a new direction in experimental design 

methodology, particularly beneficial in manufacturing sectors like machinery, where 

direct experimentation is crucial for performance optimization. The proposed approach 

marks a practical advancement in terms of cost and time efficiency. 


