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Al Transformation for Infrastructure Management: Infrastructure Spatial Al,
Infrastructure OS, and Infrastructure Engineering Knowledge

Pang-jo CHUN

Much of Japan's civil infrastructure, built intensively during the period of rapid economic growth, is now
entering an age of renewal. At the same time, the number of engineers responsible for inspection and
maintenance is declining, budgets remain constrained, and natural hazards are becoming more severe. Un-
der these conditions, Al will become indispensable for infrastructure management. However, simply sub-
stituting Al for parts of existing workflows may increase the burden of preparing inputs and checking out-
puts, while leaving the underlying structure of work unchanged. What is needed is Al Transformation (AX):
the redesign of workflows, data structures, and responsibility frameworks on the premise that Al is embed-
ded in infrastructure management. This perspective paper proposes three components for such a transfor-
mation. The first is Infrastructure Spatial Al: Al centered on a domain-specific foundation model that di-
rectly handles three-dimensional space and engineering meaning, covering damage recognition, causal in-
ference, and performance prediction. The second is Infrastructure OS: an execution platform that abstracts
highly individualized infrastructure assets into a common representation, enabling diagnosis, analysis, re-
pair planning, and other functions to operate across different structures. The third is Infrastructure Engi-
neering Knowledge: the civil-engineering knowledge embodied in inspection standards and in the judgment
of field engineers, organized into Al-usable forms such as knowledge graphs, rules, and evaluation criteria,
and continuously updated through a human-in-the-loop process. Together, the three components support
one another, enabling assessment of a structure's current condition, history-informed prediction of deterio-
ration, planning of countermeasures, and support for engineers' judgment in the field. The paper discusses
how this framework could reshape infrastructure management in Japan and outlines the research challenges
toward its realization.
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