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Abstract: In view of the nonlinear and ill-posed problems in the ultrasonic inversion of microstructure uniformity parameters, this
paper proposes a PSO-SVR prediction model based on multi-scale ultrasonic attenuation coefficient. To decouple the “multi-scale
scattering effect” of ultrasonic propagation in abradable seal coating, the echo signals are decomposed using the continuous wavelet
transform (CWT). The ultrasonic responses in different frequency bands could be sufficiently extracted through the multi-scale
ultrasonic attenuation coefficient obtained by CWT. Subsequently, taking the coefficients as input vectors, the SVR model is
established. The parameters of SVR are optimized through PSO algorithm. The microstructure uniformity of the AlSi-polyester seal
coating are predicted using the new model. The results show that, the R* and MSE between the predicted uniformity length of the
model and the in situ calibration values of the micro CT were 0.834 and 0.824 respectively. The comparison results show that the

PSO-SVR model has higher accuracy, better generalization ability, and stronger robustness compared with classical ANN models (BP,
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RBF and GRNN), in the case with limited experimental data. This paper provides a new idea for quantitative nondestructive

characterization of microstructure uniformity of heterogeneous materials.

Keywords: heterogeneous coating; microstructure uniformity; multi-scale ultrasonic attenuation coefficient; particle swarm

optimization; support vector regression
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Fig. 2 Schematic of in-situ ultrasonic signal acquisition
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