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Biomimetic Functional Surface and Application Strategies via Laser Processing
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Abstract

This paper reviews strategies for fabricating and applying biomimetic functional textures through
ultrashort-pulsed laser processing. Inspired by natural surfaces, these textures provide
hydrophobicity, antifouling, and other advanced properties. To enable industrial application, we
fabricated a fully automated system that integrates femtosecond-pulsed laser processing,
3-dimensional surface measurement, and robotic handling. This system allows continuous operation
and the collection of large-scale surface datasets. Based on these datasets, we constructed machine
learning models capable of predicting geometric parameters such as groove width and depth with
high accuracy. The predictive performance exceeded 95% for groove width, thereby demonstrating
the feasibility of data-driven process design. Furthermore, ultrashort-pulsed lasers offer distinct
advantages over conventional chemical treatments, including low environmental impact,
applicability to diverse materials, and compatibility with curved or re-entrant geometries. These
features not only improve manufacturability and competitiveness in industry but also align with the
sustainable development goals by contributing to clean energy, healthcare, and environmental
conservation. In summary, the combination of ultrashort-pulsed laser microfabrication and data-
driven modeling provides a promising pathway toward sustainable, high-functionality surface

engineering for next-generation manufacturing.
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