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Abstract
2
Time-Frequency and Time-Scale distributions of
sequential ST segments the High-Resolution
Electrocardiogram, are represented using both the
Morlet Wavelet based scalogram and the ZhaoAtlas-Marks representation.
Resolution and
representation readability, concerning the Ventricular Late Potentials are compared. The beat-tobeat variation of one VLP case is examined.

The Scalogram

The continuous Wavelet Transform of a signal is a
projection of that signal into a family of wavelets
derived from a mother wavelet. In this work the
Morlet wavelet is used:
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The continuous–time wavelet transform of a
function f (t ) is given by:
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Introduction
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∫ f (t )
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Ventricular Late Potentials are a warning sign of
malignant arrhythmia and cardiac arrest. Since the
early eighties signal averaging has been used as the
major HR-ECG method [33], both in the research
community and in the clinical set-up. Averaging
reduces the HR-ECG to a single beat, therefore
loosing all the individual beat’s information.
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where a and b are real and denote the scale and
translation factors. The scalogram is obtained
through the squared modulo of the wavelet
coefficients, organized in the time-scale plane.
Since frequency is a key concept in signal
processing, the relation between scale and
frequency is used for the scalogram ploting.
However, one must have in mind that, the
frequency axis should not be interpreted the same
way as is in the classic Fourier analysis.

In this work a time-scale and a time-frequency
representation of a set of six consecutive ST
segments are represented in the Time Scale and
Time-Frequency planes. The continuous wavelet
transform [18] (Morlet Wavelet) and the ZhaoAtlas-Marks Transform [36] are used. The value
of these representations regarding the beat-to-beat
VLP representation is assessed.

In recent times, wavelet analysis has been applied
to the HR-ECG study, namely for the VLP
detection and characterisation. [1, 2, 27]. It has
been demonstrated the wavelet’s superior ability to
decompose the short lived high frequency signals
typically encountered in HR-ECG. However a
trade-off between time and frequency resolution
exists: higher scales (lower frequencies) correspond to lower time resolution.
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The time-frequency function is given by [13, 15]

The Zhao-Atlas-Marks
Transform

−∞

Lander et al. [26] used the spectrogram as a tool
for the HR-ECG analysis. Haberl et al.[23]
introduced an objective factor to measure the VLP
level in the ST segment, through the VLP energy
distribution
in
the
spectrogram.
Other
representations where used for the VLP study,
namely the Wigner-Ville and the smoothed
versions, [2, 3] in a attempt to overcome the
spectrogram general lack of resolution. However it
has generally been establish that the high level of
cross terms in the Wigner-Ville distribution places
a major difficulty in the interpretation of the timefrequency plane.
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Testing the Transforms

Before applying the Transforms to the VLP signals
it is mandatory to get acquainted with the
representations, through the visual inspection for a
non-stationary artificial signal, whose ideal timefrequency representation is known beforehand.
The chosen signal is multi-component with a chirp
from 200 to 800 Hz, a 800 Hz tone that runs only
in one third of the overall signal span, and a Dirac
towards the end of the signal. Halfway through the
time axis the signal is set to zero for around 10 ms
to test the representation’s time support. The
sampling frequency is 2.2 KHz. Figure 1 shows the
scalogram of this signal for the Morlet Wavelet
length 8/2200 ms at the coarsest scale. The lack of
frequency resolution is very noticeable, as is the
good time resolution (the Dirac is defined). Lower
frequencies exhibit less time resolution, a feature of
the scalogram. Increasing the wavelet length
(figure 2) results in a increased frequency
resolution and acceptable time resolution, which
nevertheless decreased. This wavelet length will be
kept throughout the VLP analysis. The cross terms
level is reduced, which is a major advantage of this
transform.

Fig. 1: Test signal representation for a Wavelet
length 8/2200 ms. See text.

In a search for a distribution that reduces the
interference level, as well as keeping some
desirable Time-Frequency properties, recent
reports account for the superior performance of a
cone shaped transform, the Zhao-Atlas-Marks
Transform, in the speech processing domain [36].
For signals that are parallel in the frequency
direction, cross terms will mainly hide under the
self terms, a unique property of this transform,
whose kernel function is cone shaped. The
parametric function is given by:

φ (θ , τ ) = g (τ )τ

t +a τ

1
C (t , ω ) =
g (τ )e − jωτ ∫ f * (u − τ / 2)
∫
4π a + ∞
t −a τ

sin (aθτ )
aθτ

where g (τ ) is a smoothing frequency window and
a is usually taken as 1/2, in order to benefit of the
cross terms reduction property. The choice of
g (τ ) will determine if the distribution comply
with certain desirable properties such as the time
and frequency marginals.

Fig. 2: Test signal representation for a Wavelet
length 16/2200 ms. See text.
In both previous figures is noticeable that the chirp
frequency resolution as frequency increases (and
scale decreases).
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out to be superior regarding the test signal timefrequency representation .

The same test signal is submitted to the ZhaoAtlas-Marks transform algorithm. The discrete
algorithms require the definition of the window
length, which should be chosen having in mind that
the signal component under scrutiny should remain
approximately stationary in the window length.
This puts a difficulty if the signal parameters are
not known, which is often the case in real life
signals. A trial and error procedure may be in
order. Figure 3 and 4 represent the test signal
analysis with the Zhao-Atlas-Marks Transform for
a 12 points (12/2200 ms) Hamming time smoothing window, and a 32 points (33/2200 ms)
Hamming frequency smoothing window. In a
attempt to increase frequency resolution Lh in
Figure 4 was increased to 65 points. Frequency
resolution increased with a small cost of increased
cross-terms.
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Application
Analysis

to

the

VLP

Seven consecutive ST beats of a patient with a
ventricular arrhythmia, are represented in the Time
Frequency plane (Figs.5, 7, 9, 11, 13 and 15) and
in the Time-Scale plane (Figs. 6, 8, 10, 12, 14,16)
to compare the performance. Is intended to study
the VLP replication throughout the beats in the
representations,
and
the
representation’s
readability. Looking down in the scalogram
column (left column) it is patent that the main VLP
structure concentrates in the middle of the
segments with a certain degree of beat-to-beat
resemblance. However, a beat to beat underlying
variation is well patent
Beat 6 is quite “calm” in the sense that shows little
VLP activity.
Looking down in the Zhao-Atlas-Marks column
(right column) the representations show a great
deal of detail. Resolution in both time and
frequency is enhanced and results in a more
accurate description of the signal. However, as for
as global view of the VLP energy distribution, the
scalogram seems to be more appellative.
In both representations, two lines (red-yellow)
around 10 and 50 Hertz represent respectively the
low-frequency component of the HR-ECG and the
50 Hz power line interference.

Fig. 3 Zhao-Atlas-Marks Transform for the test
signal. A 12 points time window, and 32 points
frequency window are used. See text.
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Concatenation

Following a technique previously used, [2] the six
ST segments are concatenated into a single one and
submitted to both the transforms (fig. 17 and 18). A
single pane shows the six beats. The signal in the
top is the concatenated ST segments.
It is patent the similarity between some beats
regarding VLP’s.
The
Zhao-Atlas-Marks transform of the
concatenated ST segments shows much more
resolution. Concatenation phase shifts shows in the
low frequency level as “turns” (red and yellow) of
the representation ( fig. 18).
Fig. 4 Zhao-Atlas-Marks Transform for the test
signal. A 12 points time window, and 65 points
frequency window are used. See text.
Comparing the Zhao-Atlas-Marks representations
with the wavelet representations the former turns

3

Fig. 5: Scalogram for the ST1 segment.

Fig 6: Zhao-Atlas-Marks representation for the
ST1 segment

Fig. 8: Zhao-Atlas-Marks representation for the
ST2 segment

Fig. 7: Scalogram for the ST2 segment

Fig. 10: Zhao-Atlas-Marks representation for the
ST3 segment

Fig. 9: Scalogram for the ST3 segment
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Fig. 11: Scalogram for the ST4 segment

Fig. 12: Zhao-Atlas-Marks representation for the
ST5 segment

Fig. 14: Zhao-Atlas-Marks representation for the
ST6 segment

Fig. 13: Scalogram for the ST6 segment

Fig. 16: Zhao-Atlas-Marks representation for the
ST1 segment

Fig. 15: Scalogram for the ST1 segment
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Fig. 17: Scalogram of the concatenated ST segments. It is patent the underlying similarity between some
beats regarding VLP’s. There is no VLP in beat 5.

Fig. 18: Zhao-Atlas-Marks transform of the concatenated ST segments. The same comments as for Fig. 16
are applicable here. The resolution is increased. Concatenation phase shifts shows in the low frequency level
as “turns” (red and yellow) of the representation.
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Conclusions

Time-Frequency and Time-Scale Representations
are a promising technique in the individualisation
of the VLP activity
Important information, both for the researcher and
the clinical practitioner may be obtained from this
representation. The Zhao-Atlas-Marks representation proves to be extremely attractive for this study.
The cross terms level is acceptable and the
resolution is excellent. The scalogram exhibits
lesser resolution but gives a global readability of
the VLP’s energy dispersion.
Further work is going to be done to introduce
objective quantifiers of the VLP presence, ridges
extraction and multi-resolution analysis.

10. Claasen, TA; Mecklenbräuker, WF;-” The
Wigner distribution — A tool for timefrequency signal analysis, part I: Continuoustime signals”- Philips Journal of Research,
Vol. 35 No. 3- 1980.
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