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By using an Inverse-Gaussian distribution, the SAW signal 𝑠(𝑡) can be modeled as:

where 𝐹 𝑟 is the resonance frequency, 𝜇 > 0 and 𝜆 > 0 are shape parameters and 𝛼 > 0 is a time scale parameter. 
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 1 Fig. 1. SAW wireless sensor in one port resonator configuration.
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 2 Fig. 2. Synthetic SAW signal: 𝜆 = 6, 𝜇 = 5, 𝛼 = 10 6 , 𝐹 𝑠 = 0.2 GHz, 𝐹 𝑟 = 10.7 MHz, 𝑁 = 2 12 samples and 𝑇 0 =15 𝜇s
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 3 Fig. 3. Multiresolution analysis of a zoomed experimental SAW signal using a wavelet Symlet 4 with approximations on the left and details on the right

  [1] A. Antoniadis and J. Bigot, "Wavelet estimators in nonparametric regression: A comparative simulation study," J. Statist. Software, vol. 6, pp. 1-83, 2001. [2] Y. Kopsinis and S. McLaughlin , "Development of EMD-based denoising methods inspired by wavelet thresholding," IEEE Trans. Signal Process., vol. 57(4), pp. 1351-1362, April 2009. [3] P. Rischette, A. Scipioni, O. Elmazria and H. M'Jahed, "Wavelet versus Fourier for wireless SAW sensors resonance frequency measurement," Proc. IEEE Ultrasonics Symp. (IUS), Prague, pp. 2159-2162, July 2013. This work was a fundamental step for defaults localization study in rotating electrical machines using a wireless SAW sensor for which the accuracy measurement of the central frequency is essential. Two time-based methods were proposed for the estimation of this frequency, the first using wavelets approach and the second applying the empirical mode decomposition (EMD). A model describing the behavior of a SAW signal and allowing to generate synthetic signals was proposed. This model was implemented to address the question of the wavelet choice as part of the first method and has led to the Vaidyanathan wavelet. The two time-based ways were compared with each other as well as with the reference way: the Fourier transform. Synthetic signals and experimental signals were used to evaluate these three solutions. The wavelet method and especially the EMD, clearly have given better results than the FFT in a factor from 1 up to 20 for the precision according to different SNR values and from 2 up to 13 for the uncertainty. Future work could provide better accuracy and uncertainty by introducing upsampling.
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 8 Fig. 8. Error between estimated and reference frequencies versus SNR.
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 9 Fig. 9. Uncertainties of the estimated frequency Δ𝐹 𝑓 (Fourier) and Δ𝐹 𝑡 (W/EMD) versus the reference frequency.