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Time series with covariance matrix

• Unequally weighted

error bar 
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Weighted Least Squares Wavelet Analysis (LSWA)

• 𝑪𝒇
−𝟏 = 𝑷 =
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Stochastic surfaces in the LSWA

• Probability distribution function of LSWA spectrogram
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Stochastic surfaces in the LSWA

• Probability distribution function of LSWA spectrogram

• Beta distribution

• Confidence level (usually 95% or 99%)
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Example:
𝑓 𝑡 = sin(𝟓𝟎 × 2𝜋(𝑡 + 𝑡2)) + cos 𝟐𝟎 × 2𝜋𝑡 + 𝑔 𝑡 + 𝜀

𝑔 𝑡 =  
(4 − 10𝑡) cos 𝟏𝟓𝟎 × 2𝜋𝑡 𝟎. 𝟐 ≤ 𝑡 ≤ 𝟎. 𝟒

0 𝑂.𝑤.
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LSWA spectrogram and its stochastic surface 

Stochastic surface 

(95% confidence level)
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LSWA spectrogram and its stochastic surface 
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2D representation of LSWA spectrogram with its 

stochastic surface and the time series
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A real time series (Andromeda) with its analyses

LSWA CWT

Time series
LSSA
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LSWA spectrogram and its stochastic surface for 

the real time series (99% confidence level)
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Conclusions

• The LSWA considers the associated covariance

matrices of the time series segments.

• The LSWA detects the significant peaks for a given

confidence level.

• In the LSWA, we can suppress the significant

spectral peaks to search for other peaks.

• The LSWA rigorously analyzes any time series.
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Thank you for your attention! 

Any questions or comments?


