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Abstract

Railway systems have been crucial for regional and national mobility, but
modernization poses significant challenges and opportunities due to rapid
advancements in sensing technologies, digitalization, and multi-scale
computing. Traditional maintenance and inspection methods are often
reactive, fragmented, and labor-intensive, struggling to meet the demands
of today's high-frequency rail operations. This seminar introduces

iInnovative practices in railway predictive maintenance, utilizing multi-

sensing data fusion and advanced machine learning frameworks based on

real-world deployments. It presents an integrative framework for railway

system maintenance, covering Al monitoring aspects such as track
geometry and vehicle defects. Additionally, the seminar proposes scalable
data governance and computing pipelines to efficiently manage the
extreme data volumes typical of modern rail systems. By highlighting next-
generation smart railways, the seminar demonstrates how Al-enabled
approaches can enhance multi-scale maintenance and operations while
addressing data and computing challenges with practical innovations.
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