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Quasi-periodic Oscillation (QPO)




Ag:L First Step of Hilbert-Huang Transform (HHT)




o Second Step of Hilbert-Huang Transform (HHT)
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Average :1.45s

90% oscillation lifetimes < 3.1 s
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Oscillation lifetime (s)

Average : 0.42's

90% break times < 0.73 s
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Contributions of OQur Research

Wavelet analysis

Lense-Thirring precession
@&

(Ingram & Done 2009)

Frequency [Hz]

Time [s]

(Lachowicz & Done 2010)



We employed HHT to study the detailed time-frequency
variation of the 4 Hz QPO in XTE J1550-564.

We have demonstrated that the ~ 4 Hz peak is broadened by a
series of intermittent, frequency-changing oscillations with
lifetime of a few seconds.

Our results are significantly improve the time-frequency
resolution for tracking the evolution of the 4 Hz QPO.

Our findings not only consistent with previous research but also
fit nicely into the Lense-Thirring precession QPO model.
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,14?1 Hilbert Spectrum & Dynamic Power Spectrum
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Sifting Process of Empirical Mode Decomposition
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Comparison Between Fourier, Wavelet, and HHT Analy:

Nonlinearity
Nonstationarity
Feature extraction
Theoretical b

Fourier

api

convolution over global domain,

uncertainty
energy in frequency space
no
no
no
complete mathematical theory

Wavelet

convolution over global domain,
uncertainty

energy in time-frequency space

no

yes

discrete, no; continuous, yes

complete mathematical theory

Comparison between Analysis Methods

HHT

a posteriori adaptiv

differentiation over local domain,
certainty

energy in time-frequency space

yes
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