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The overlap-type friction banknote separation mechanism is commonly used in
Automated Teller Machines (ATMSs) to achieve the dispensing of banknotes one at a
time. It involves adjusting the overlap between the feed roller and gate roller in the
radial direction at the entrance of the mechanism. This simple method accommodates
various currencies by adapting to the characteristics of banknotes from different
countries.

However, changes to the fine-tuned overlap due to environmental factors during
installation and use can dramatically degrade separation performance, requiring
countermeasures.

This paper aims to minimize malfunctions caused by changes in the overlap, a

critical factor affecting separation performance in ATM overlap-type friction banknote
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separation devices. The goal is to find optimal dimensions for the overlapped shapes of
the feed roller and gate roller, ensuring that the deformation force caused by the shape
change in the overlap is not overly sensitive to variations. Applying a multi-layer
perceptron (MLP) technique, which consumes less computational time compared to
traditional elastic beam modeling methods, the study creates a surrogate model that
considers the nonlinear characteristics of banknotes. This alternative model predicts the
deformation force, and an optimization problem is formulated to generate robust
deformation forces against changes in the overlap. The differential evolution
optimization algorithm is employed to derive the optimal roller dimensions.

Applying these optimal dimensions in finite element analysis, the study confirms a
reduction of approximately 40% in deformation force compared to conventional
dimensions. To validate the improvement in banknote separation performance due to
minimized deformation force caused by overlap changes, a separation defect rate is
calculated. Parameters such as friction coefficients and elasticity coefficients are
randomly generated based on measured distributions, and the defect probability is
calculated by evaluating these values against the normal separation decision equation.
The cumulative values of expected defect rates in the guaranteed overlap change range
suggest a projected defect reduction effect ranging from a minimum of 22% to a
maximum of 60%, depending on the characteristics of banknotes from four main

countries.



