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Innovative Small Modular Reactors (i-SMRs) introduce fundamentally different design characteristics compared to
conventional large light water reactors, including an integrated reactor vessel, compact steel containment, multi-module
deployment, and extended operating cycles.

While these features enhance inherent safety and economic flexibility, they also introduce new technical challenges such
as limited instrumentation accessibility, increased complexity of operational monitoring, and changes in maintenance
strategies.

In particular, restricted direct measurement, an expanded operational state space, and reduced on-site staffing
significantly increase the need for advanced technologies capable of supporting continuous safety awareness and
reliability management.

Against this background, artificial intelligence (Al), meta-modelling, and advanced simulation technologies are emerging
not as optional enhancements, but as essential enabling technologies for ensuring the safe and reliable operation of i-
SMRs.

This study presents a conceptual framework that integrates Al-based predictive diagnostics, preventive maintenance, and
operator automation in alignment with the safety and reliability objectives of i-SMRs. In addition, human factors
considerations and regulatory concerns associated with the application of such advanced technologies are discussed,
together with corresponding mitigation strategies.
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