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Abstract

The linear threshold determination of a single physical quantity can no longer meet the reliability characterization requirements of
deep submicron electronic components under extreme working conditions. This traditional mapping logic exhibits extremely high
missed detection and misjudgment rates when facing multiple coupled failure modes. It is imperative to establish a quality detection
architecture based on multidimensional feature space mapping to address the nonlinear drift and parameter discretization issues of
high-precision MEMS-G400 sensor arrays. This architecture uses FPGA high-speed acquisition link to extract time-frequency domain
composite features, uses principal component analysis to orthogonally decouple high-dimensional heterogeneous data, and then
imports support vector machine hyperplane to achieve topological separation of good and defective products. The experiment was
based on the mass-produced batch Z-24 of MEMS-G400, and the results showed that this method improved the feature recognition
accuracy of temperature drift coupled noise by 12.54% compared to the traditional threshold method. Moreover, it achieved
millisecond level real-time inference on embedded terminals with limited computational complexity, completely overturning the
traditional quality control form of offline full inspection.
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