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Instantaneous Frequency-Time Analysis of Biological Signals
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Many processes appearing in physics and
natural world are non-stationary and nonlinear in
features. Conventional Fourier spectral analysis
can only provide global (average) energy-
frequency distributions.  Validity of such an
analysis relies crucially on the assumption that
the data are linear and stationary. For data
originating from nonlinear systems or
representing non-stationary phenomena, Fourier
analysis is incapable of extracting local
(instantaneous) time-frequency variation
information embedded in the data.

In the present project, we adopt recently
developed instantaneous frequency-time spectral
analysis method [1] to analyze two data sets
recorded from biological systems. The method
involves two major steps. The first step is to
decompose the original signal into a series of
intrinsic mode functions (IMF) spanning from
high frequency to low frequency ranges via a
sifting process. The second step is to apply the
Hilbert transform to these IMF, yielding the
instantaneous frequencies as functions of time



for each mode function. The final presentation
of the results is the Hilbert spectrum running
along the data string that represents the energy
distribution over the frequency-time domain.
Since the decomposition process (called the
empirical mode decomposition, EMD in [1]) is
based on the local time scale of the signal, the
above method is applicable to nonlinear and
non-stationary data. The two example data sets
analyzed in this project are the blood pulse
signals recorded from human being, and the
DNA sequences of the MHC type II genes.
Both data strings are apparently non-stationary
and nonlinear in nature. The purpose of this
project is to explore the intriguing yet unknown
information possibly embedded in these
biological signals, and to assess the merits as
well as some potential problems or difficulties
associated with the method.

(keywords: instantaneous frequency-time
analysis, Hilbert transform, intrinsic mode
functions, empirical mode decomposition,

Hilbert spectrum, biological signals)
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