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Abstract: Due to the complex optical properties of the surface of electroplated coatings, there is
multidimensional coupling between the spectral vectors of spot defects and background noise, making it
difficult for traditional methods to effectively separate noise data from spectral sequences. Under noise
interference, the scale variation law of spot defects lacks systematic characterization, resulting in
incomplete feature set construction and inability to cover multi-scale defect morphology, which affects
the reliability of defect detection and localization results. To address these issues, a detection method
based on multispectral imaging has been proposed. By analyzing the inherent low-rank characteristics of
multispectral imaging data, a noise data model between spectra is established, and the constant values of
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normal and noisy signals are output. The noise is removed by subtracting the corresponding number in
each row of the spectral sequence from the constant value. After obtaining the denoised data, the spectral
vectors and weight features of the spots on the zinc-based alloy electroplating layer are analyzed. The
multi-scale fusion method is adopted to obtain the scale variation law of the spot defects, and a
comprehensive feature set is formed by integrating them. After constructing a comprehensive feature set
based on this rule, the spatial mapping algorithm is used to process the feature data, generating a frequency
variation matrix that reflects the defect characteristics. By analyzing the parameters of the matrix, the
specific position of the spot defect in the electroplating layer in the spectral dimension is locked, achieving
precise defect location. Experimental data shows that the proposed method is significantly superior to the
comparative method in three key indicators: signal-to-noise ratio, defect feature visualization, and spectral
matching. It can accurately identify the contour, distribution, and spectral characteristics of defects such
as iron spots and pitting spots in zinc-based alloy electroplating coatings, and the detection results are
highly consistent with the actual values.
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Fig.2 Signal to noise ratio curves of three detection methods
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Fig.5 Average spectral curve of three methods
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