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Abstract— In this paper the new approach to investigation of
signals stationarity based on parameters of bispectrum is
proposed. The method was examined using simulated test signals
artificially test signals with predefined nonstationarities. As test
signals Gaussian noise with varying variance and mean value
were proposed. Proposed bispectral characteristics are different
for stationary and nonstationary signals.
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. Introduction

Random signals can be categorized into stationary and
non-stationary ones. Determination of this property of
random signals can provide researchers with a new tool
for exploring inherent attributes and defining charac-
teristics of the signal which can tell us about the object
under study.

The most well-known and the most widely used
approaches of random process stationarity assessment are
runs test [1] and reverse arrangements test, based on
division of the observed data recording into fragments of
equal length and further statistical analysis of obtained
sequence. This approach provides only an estimation of
the signal nonstationarity in the whole and gives no
possibility of detecting signal parts which could be
considered as locally stationary. More efficient way to
solve this problem is to use more complicated techniques
such as correlation, spectral analysis and parametric
modeling of signals [2].

In this paper the new approach to stationarity assessment
using bispectral characteristics is proposed. The aim of this
study is the investigation of difference in the results of
bispectrum for stationary and nonstationary test signals.

[I. Method of stationarity estimation
using bispectrum
Bispectrum @, (jw,, jw,) is the Fourier transform of
the third order correlation function K,(z,,7,). K;(z,,7,)
of signal x(t) is described in [3] as follows:

.1
Ky(@,7,) = lim = j X(t)X(t — 7, )X(t — 7,)dt .(1)
0

Bispectrum can be estimated:
@3(jW1, sz) = (ZAf )263(jW1’ sz) )
Here, G,(jw,, jw,) denotes the bispectrum density:

G(iw, W)= [ [ Ky(zz)e 1 drdr, . (3)

The aim of this work is to investigate if there are any
bispectrum parameters sensitive to the presence of
nonstationary segments in signals under analysis. In this
work maximal value (Eg. 4) and mean value (Eq. 5) of
bispectrum are proposed as such parameters:

@ =max(d,), (4)
_ 229,
="t (5)
mxn
I1l.Results

To study if nonstationarity of signals can be estimated
from the bispectral characteristics, simulated data were
used. As reference signal without any nonstationarities,
Gaussian noise was employed (Fig. 1).

Several types of nonstationarities were employed:
Gaussian noise with linear trend (Fig. 2) and Gaussian
noise multiplied by linear function y=at, where
a =0..1. (Fig. 3). Duration of each signal was 30 sec,
with sampling rate F;=100 Hz.

Fig. 1. Gaussian noise

Fig. 2. Gaussian noise with linear trend
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Fig. 3. Gaussian noise with shift dispertion

Reference stationary Gaussian noise has maximum
value of bispectrum @, . =0.18 and mean vaue of

bispectrum @ =107,
Dependence of @, ,® on o for Gaussian noise with
linear trend isgivenin Fig. 4.
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Fig. 4. Dependence of @, (a) and @ (b)
on « for Gaussian noise with trend

Both parameters of bisectrum have nonlinear increase
with o growth, and dependences of @, ,@ have

similar shape. A constant component of linear trend has
minor effect on dependence.
For next test Gaussian noise multiplied on y was used.

Changing tendency of bispectrum parameters for this
type of nonstationary signal is the same as in the

previously described case (Figs. 5 and 6). @ @

max ?

increase with the increasing of « .

Fig. 5. Dependece @ from « for Gaussian noise
with shift dispertion

Fig. 6. Dependece @,,, from « for Gaussian noise
with varying variance.

Experimental results show that proposed parameters are
different for the signals with different nonstationarities,
and therefore these parameters can be used on to measure
nonstationarity of the signals.

Conclusion

In this paper the results of bispectral analysis for
assessing stationarity were presented. As the parameters
to be analyzed as nonstationarity measures maximum and
mean value of bispectrum were proposed.

The results show that bispectra can be used for
investigation of stationary parts of signals. This approach
would be useful in identification of local stationary
segments of signals algorithms.
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