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On the time-frequency representation of
nonstationary signals

The time-frequency analysis of nonlinear and nonstationary processes is, in general, a challenging task. Stan-
dard techniques, like short time Fourier transform, and wavelet transform are limited in addressing the prob-
lem. An alternative way to tackle the problem is to first decompose the signal into simpler components and
then analyze them separately. This is the idea behind what is called the Hilbert Huang Transform (HHT),
published originally in 1998. HHT has had and is still having a big impact on many fields of research.

HHT is made of two stages: the decomposition of the signal into simple oscillatory components, called In-
trinsic Mode Functions (IMFs), obtained via the Empirical Mode Decomposition (EMD) method, and the time-
frequency representation of these components obtained via the Hilbert Transform. However, the mathemat-
ical properties of EMD and its generalizations, like the Ensemble EMD, are still under investigation. For this
reason, an alternative technique, called Fast Iterative Filtering (FIF), was proposed a few years ago [1]. Fur-
thermore, the Hilbert Transform, even though mathematically sound, has limitations when applied to real-life
data, especially strongly nonstationary or noisy ones.

In this talk, we review the mathematical properties of FIF and the decomposition it produces. In particular,
we will talk about the energy preservation and orthogonality of this decomposition. Furthermore, we intro-
duce an alternative method for the time-frequency representation of the IMFs called IMFogram, showing its
robustness to noise, locality, and ability to produce, in a fast manner, crisp and artifact-free time-frequency
plots [2]. We conclude by presenting applications of this approach to real-life signals and future directions of
research.
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