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AIGC-Assisted Fault Diagnosis Method for Analog Electronic Systems in Industrial Inspection
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[Abstract] Analog electronic system fault diagnosis faces three core challenges: generative models decoupled from
circuit physical constraints produce distorted samples; parameter—drift fault manifolds are difficult to characterize,
causing early fault detection to fail; and large language models lack topological reasoning ability, reducing
diagnostic credibility. Three mechanisms are proposed accordingly. Circuit differential equation constraints are
embedded into the diffusion model reverse process, with Kirchhoff’s laws correcting the denoising gradient. A
structural causal model constructs an interpretable latent space to reconstruct fault evolution. A hierarchical prompt
chain built on circuit netlists guides causal tracing in large language models, validated through simulation. The three
mechanisms form a complete diagnostic framework. Industrial experiments demonstrate clear improvements in diagnostic
accuracy, physical compliance, and reasoning reliability.
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