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Abstract— The problem of change detection
of time series with abrupt and smooth changes
in the spectral characteristics is addressed. We
first review the main characteristics of the dis-
crete wavelet transform and the maximal over-
lap discrete wavelet transform. An algorithm
for sequential change detection in time series
is then reported based on the maximal overlap
discrete wavelet transform and Bayesian anal-
ysis. The wavelet-based algorithm checks the
wavelet coefficients across resolution levels and
locates smooth and abrupt changes in the spec-
tral characteristics in the given time series by
using the wavelet coefficients at these levels.
Simulation results demonstrate the good de-
tection properties of the proposed algorithm
when compared with previous reported algo-
rithms, and also indicate that the quadratic
spline and least-asymmetric wavelets have less
amount of shift in position after wavelet decom-
position and therefore an alignment of events to
be detected in a multi-resolution analysis with
respect to the original time series is obtained.
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I. INTRODUCTION

During the past decade, wavelet transforms have
emerged as an important mathematical tool for the
analysis of time series (see e.g. Khalil Khalil and
Duchene, 1999; Percival and Walden, 2000; Bakshi,
1999; Kobayashi, 2001; Alarcon-Aquino, 2003; Salam
et al., 2008) and have found applications in anomaly
detection, time series prediction, image processing,
and noise reduction (see e.g., Khalil Khalil and Duch-
ene, 1999; Kobayashi, 2001; Alarcon-Aquino, 2003;
Alarcon-Aquino and Barria, 2002; Alarcon-Aquino
and Barria, 2006; Alarcon-Aquino and Barria, 2001;
Tseng et al., 2006). In particular, the wavelet trans-
form provides an interesting framework for the anal-
ysis of non-stationary signals, and it is an alternative
to the classical classical Short Time Fourier Transform

(STFT). The STFT applies a moving window over the
data to determine the localized spectra. A drawback of
the STFT is that the time-frequency window is fixed
whereby the window cannot adapt to the character-
istics of the signal at a certain point (Mallat, 1999;
Daubechies, 1992). The wavelet transform uses small
window widths at higher frequencies and large window
widths at low frequencies. That is, it is well-suited for
signals where high frequency signal components have
shorter duration than low frequency signal components
(Mallat, 1999). This is due to the so-called constant
relative bandwidth frequency analysis (Percival and
Walden, 2000). The wavelet transform applies bases
which are either finite support or die quickly after a
finite interval. These bases have better characteristics
to “zoom-in” on very short-lived high frequency phe-
nomena such as transients in signals. Further details
on wavelets and wavelet transforms can be found in
(Mallat, 1999; Daubechies, 1992; Percival and Walden,
2000).

The signals encountered in practice are usually ran-
dom and non-stationary. The modeling of these signals
and specifically quasi-stationary signals have been a
continuing subject of research for many years (see e.g.,
Khalil and Duchene, 1999; Baseville and Nikiforov,
1993; Percival and Walden, 2000; Bakshi, 1999; Tseng
et al., 2006; Salam et al., 2008). Quasi-stationary sig-
nals are characterized by abrupt changes in the sta-
tistical properties at unknown instants and stationary
behavior in between those instants. These instants
are called segment boundaries. To perform an analy-
sis of these stationary segments we may use paramet-
ric models. Studies on adaptive sequential segmenta-
tion include a sequential generalized likelihood ratio
(GLR) test (Appel and Brandt, 1983; Salam et al.,
2008), the divergence test (Basseville and Nikiforov,
1993; Salam et al., 2008), Bayesian approaches (Bas-
seville and Nikiforov, 1993), and genetic algorithms
(Tseng et al., 2006) The work reported in this pa-
per investigates the viability and usability of discrete
wavelet transforms in adaptive sequential segmenta-
tion of non-stationary signals. The proposed algorithm
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