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Abstract. The principals and characteristics of three typical time frequency analysis methods
that Short Time Furious transformation, wavelet transformation and Hilbert-Huang
transformation are introduced, and the mathematical definition, characteristics and application
ranges of these analysis methods and so on are pointed out, then their time-frequency local
performance is made analysis and comparison through computer programming and simulation.

1 Introduction
In the field of Aeronautics and Astronautics, in order to prevent pilots from air syncope in flying and
to get a better flight, the human physiological signals under +Gz acceleration need to be monitored
and studied. The recognition, feature extraction and monitoring analysis and other technologies of
variety of physiological signals including EEG signal has become a hot topic of research in recent
years [1]. All kinds of analysis methods such as Fourier transformation [2-4], Short Time Fourier
transformation[5-7],wavelet
and
wavelet
package
transformation[8-12],
Hilbert-Huang
Transformation (HHT) [13-17] and other technologies have been applied to analysis of signal. Fourier
transformation is the basic of analysis of time domain and frequency domain for signal, and is very
valid to the analysis of periodic stable signal. But in nature and engineering areas there are a large
number of non periodic non stationary signal, and EEG is typical non periodic signal, so the classic
analysis method based on Fourier transformation can not accurately reflect the local time-varying
frequency spectral characteristic of signal, unable to obtain many of the key information. So a series
of new signal time frequency analysis methods are put forward and developed. The basic idea of time
frequency analysis is to design the joint function of time and frequency, and at the same time, the
density and intensity of energy of signal at different time and frequency is described. Before the
analysis and comparison on time-frequency performance of various of methods has been seen, but the
research on the comparison and analysis on Short Time Fourier transformation, wavelet
transformation, and HHT, this three kinds of methods is rare through the designed simulation signal.
This study first briefly introduces of the principles and characteristics of this several methods, Short
Time Fourier transformation, wavelet transformation and HHT, then EEG signal is simulated by the
designed suitable simulation signal through programming, so the time frequency graphs are made out
through simulation signal, and time frequency performance of three methods is made a contrast and
analysis, to explore the application prospect of them in processing and analysis of dynamic EEG
signal.
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2 The introduction of basic principle and method
2.1 Short Time Furious transformation (STFT)
STFT assumes non stationary signal as that every small segment is smooth, intercepts signal through
using a sliding window, and makes Fourier transformation for the intercepted signal again and again,
so as to obtain the frequency spectrum of signal at any time. Its definition is as:

STFTt , f= ∫ x(th(−t )e− jπf dt

(1)

The advantage of STFT is that its physical meaning is clear and there is no cross term appearing. It
is a time frequency analysis method which application is the most. According to the Heisenberg
uncertainty principle, the product of time width and bandwidth of signal should be a constant relevant
to sampling rate. In other words, when time resolution is needed to improve, the resolution of
frequency is often needed to sacrifice, and vice versa. When the analyzed signal contains many kinds
of types of scale components with large differences, STFT is powerless. Although STFT there is the
defects such as resolution ratio is not high and so on, its algorithm is simple, and easy to implement,
so in a long time it is a powerful tool of non stationary signal analysis is, and still is widely used.
2.2 Wavelet transformation
Wavelet transform, as a kind of new linear time frequency analysis method, is developed in the
Middle and late period of the 1980s of 20th century. It makes multi-scales analysis of signal by the
operation function of dilation and translation and others. It is a milestone development in reconcile
analysis development history. The wavelet transformation definition of x (t ) is as:
1
t −τ
x(t )φ * (
)dt
α
a∫
= 〈 x(t ),φατ (t )〉

WTx (α ,τ ) =

(2)

It is the inner product result of function and wavelet basis ,and among this wavelet basis:
ϕατ =

1

α

ϕ(

t −τ

α

)

(3)

α is the scale parameter, and τ is the translation parameter. The wavelet basis is different with the
difference of α and τ , and it can describe the frequency band characteristic of signal, that is it can
show time-frequency characteristic of signal at the same time, and can very sensitively detect
mutation of signal. Wavelet transformation is also subjected to the Heisenberg uncertainty principle,
but the window of wavelet transformation is adjustable time-frequency window, using a narrow
window in high frequency, and using a wide window in low frequency, fully embodying the idea of
multi-resolutions analysis, and this is consistent with the feature of time varying non stationary signal
is. The characteristic of multi scales and multi resolutions makes wavelet transformation be known as
"mathematical microscope". But wavelet transformation does not possess characteristic of adaptive
decomposition, and the finite length of wavelet basic can also cause energy leakage, and its selection
principle is still a difficult problem. After development of about 30 years, wavelet transform has made
breakthrough progress, and formed the multi resolutions analysis, framework and filter group-this
three big complete and abundant wavelet transformation theory system, and now it has been widely
used in signal elimination noise, medicine and many other areas.
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2.3 Hilbert-Huang transformation (HHT)
Hilbert Huang transformation is a new signal processing method proposed by N.E.Huang et al. in
1998, and it is considered as a major breakthrough of linear and steady-state spectral analysis based on
Furious transformation in recent years. Essentially it is the process that making smoothing processing
for signal, and decomposing stepwise the wave of different scales in signal, formatting intrinsic mode
function component, then making Hilbert Huang transformation for these components. HHT method
consists of two main steps:
(1)The original data is made preprocess, and through empirical mode decomposition (EMD)
method, the data is decomposed into intrinsic mode function (IMF) of n order, that is:
n

x(t ) = ∑ ci + rn
i =1

(4)

(2)The decomposed each order IMF component is made Hilbert Huang transformation, and the
respective instantaneous frequency is got, then the time frequency diagram is made.
Hilbert Huang transformation is an effective tool for nonlinear and non stationary data analysis,
and it is a self-adaptive treatment method. It’s the biggest characteristic is that by EMD decomposition
of signal, making non stationary signal smooth, resulting in instantaneous frequency has physical
meaning, and then exporting the meaningful Hilbert time frequency spectrum. The analysis basic of
HHT is: the data structure of the modulation mechanism of intra wave and no fixed basement (that is
IMF characteristic). It doesn't take that time and frequency is absolutely two space variables, and no
longer believes that the fundamental component part of signal is complete sine function, namely in the
basic component part , instantaneous frequency is also changing with time, but it is worth noting, now
the proof of HHT obviously falls after its application. The further development of HHT also requires
that the envelope problem, EMD decomposition theory verifying, the end point effect suppression in
boundary treatment and other issues have a better way to solve. Its theoretical perfection will be a long
process. While this does not affect its application. In just a few years from the method of Hilbert
Huang transformation publishes up to now, HHT method has always subjected an extensive attention
of scholars at home and abroad and it has been widely used in biomedicine, equipment diagnosis and
other various of scientific research and engineering field.

3 Simulation signal contrast and analysis study
In order to better contrast the treatment effects of Short Time Fourier transformation, wavelet
transformation and Hilbert Huang transformation, this several methods on EEG data, and taking into
account the basic rhythms signals in EEG [18], that is EEG is composed of low frequency and high
frequency signals, so the segmented two sine functions are used to simulate the dynamic EEG data,
frequency is respectively taken as 10 Hz and 50 Hz, and sampling frequency is taken as 1000Hz,
taking data of 2s. The time point of mutation is taken at the time of about 1s. The simulation signal is
as:

⎧ sin( 20πt ) 0 ≤ t ≤ 1s
x(t ) = ⎨
⎩sin(100πt ) 1 < t ≤ 2s
STFT, wavelet transformation, and HHT,this several kinds of transformation treatment are
respectively made for this simulation signal, and the time frequency graphs of this several kinds of
transformation are made out. The simulation graph and time frequency graphs of this several kinds of
transformation are shown in the following graphs.
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Figure 1. The simulation signal.

Figure 2. STFT time frequency graph.

Figure 3. Wavelet time frequency graph.
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Figure 4. HHT spectrum graph.

Three methods all can distinguish the change of main frequency. From Figure 2, spectrum graph
of Short Time Furious transformation it can be seen that, although this figure can distinguish the
moment of two main frequency components and mutation occurrence, the resolution is not high.
According to the Heisenberg uncertainty principle, the product of time width and bandwidth of signal
should be a constant relevant to sampling rate. In other words, when time resolution is needed to
improve, the resolution of frequency is often needed to sacrifice, and vice versa. For EEG signal,
when the frequency resolution is required, the time window length is likely to appear too large, and at
this time FFT may be difficult to meet the requirement. The treatment effect is not satisfactory for
non-stationary nonlinear signal such as EEG. Figure 3 is a wavelet spectrum. Although the timefrequency resolution of wavelet transformation are both very good, for the smaller frequency
component, the time point of frequency hopping is described not enough accurately. Figure 4 is the
HHT spectrum. It can be seen from the figure that processing effect of HHT on nonlinear unstable
signal has a unique advantage, because this method does not exist the steps of partition and translation
of Windows when using, adopting that separately making analysis for the short time series. Therefore,
it makes a good balance between the requirements of time resolution and frequency resolution, that is
to say, as long as it meets the Shannon theorem (i.e., sampling law), this method can improve time
domain resolution as much as possible under the situation that without sacrificing frequency domain
resolution. HHT spectrum displays the distribution of signal energy in time frequency domain, and
can help more clearly understand the distribution situation of low and high frequency part in signal.
Moreover, HHT method structures basis function from the signal itself, directly reflects the
characteristic of signal itself, and eliminate the generated virtual volume due to the mismatch of base
function and signal in transformation process. so the obtained HHT spectrum can not only locate the
position of frequency mutation point, but also can accurately distinguish two main frequency
components of 10 Hz and 50 Hz, and contains no crossing interference term, with more superior
ability of detecting signal singularity than FFT and wavelet transformation .In addition, HHT can use
some unique forms, such as instantaneous energy spectrum, time frequency spectrum and others to
display new characteristic. But relatively speaking, this method quite consumes computer memory and
calculation time, that is, relatively calculation is slower, and this has limitation in practical application.
Moreover, envelope rationality, EMD decomposition theory verifying, and end point effect restrain in
boundary treatment and other issues still need further to be proofed, namely relatively speaking the
theoretical development of this method is not as perfect as other two, and its theory perfection will be
a longer process relatively.
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4 Conclusions
This study introduces the principal and method of STFT, wavelet transformation, and HHT, three
typical time-frequency analysis methods, and the time frequency local performances of this several
methods are made analyzed and compared through computer simulation, Then the advantages and
disadvantages of this several methods are discussed. EEG is a typical time varying, non stationary
signal, time-frequency union analysis technology is created and developed according to the need of
real science application. Three kinds of methods all can better distinguish the main frequency, but
relatively speaking, HHT method, has a good time-frequency and adaptability for signal. But this
method also has its limitations. It is believed that with the continuous perfection and development of
modern time frequency analysis theory and technology, in the field of EEG monitoring and analysis of
aeromedicine, time frequency union analysis technology will have a more broad application prospect
and greater development potential.
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