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ABSTRACT

We propose a Physics-Informed Intelligent Prognostic and Diagnostic (PIIM) framework that couples an Extended Kalman Filter (EKF) with the Arrhenius physics-of-failure model to estimate the degradation index D and
identify the activation energy E, online for nuclear safety-grade signal processors. A hierarchical intelligent diagnostic agent — clarified as an architectural pattern rather than a specific Al algorithm — converts EKF output into
uncertainty-bounded RUL with autonomous reporting. Validated on a 1,000-day virtual capacitor profile, the framework converges E, from a —12% biased prior, predicts failure at Day 889 with 90-day advance warning, and
detects an injected Day-300 overload shock via 3¢ innovation. Multi-temperature scenario analysis (45 / 55 / 65°C) yields directly actionable maintenance timelines.
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Fig. 3. Anomaly detection via Kalman-filter innovation > 3o.
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Multi-physics extension (radiation TID + thermal-cycling fatigue) - HiL validation with actual signal-processor data
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