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Introduction

Nuclear Power Plants (NPPs) require reliable fault diagnosis for safe and continuous operation [1]. Al-based diagnosis systems rely on labeled fault data.
However, fault data (e.g., leakage signals) I1s extremely scarce In real operation, leading to severe data imbalance. Diffusion models have shown strong
capabillity in capturing complex signal distributions through iterative denoising. In particular, conditional sampling enables controllable generation that preserves
physically meaningful signal characteristics. In this study, we design and investigate energy-guided diffusion sampling method to generate realistic fault data.
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. stable spectrum without significant peaks

Enforce global similarity rather than matching local features

Abnormal: overall amplitude amplification with distinct energy spikes

Global error minimization distributes updates across all frequency bins

Energy-guided diffusion sampling < Summary
Uses abundant normal data to train diffusion model
Base diffusion model is constrained within the learned normal distribution SRW Sharp peak reconstruction Global distribution mismatch
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