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Abstract

Symmetric Distance Coefficient (SDC) is a parameter developed by the
author to measure similarity between wavelet function and transient in a signal.
It is based on a fact that wavelet coefficients of a transient that has similar
shape and similar time support to a wavelet function are always symmetric.
The parameter measures similarity by measuring the degree of symmetry in
wavelet coefficients. The parameter and the measurement procedures are very
useful in identifying the existence of specific shape transients in a signal. Since
SDC measures the degree of symmetry in gradual level, it can identify
transients in a signal that are contaminated by noises or interferences. This
paper reports experiment procedures and results in identifying T-wave in ECG
signals based on SDC. The results suggested that the parameter identified T-
wave with an accuracy level of 90% to 100%.

Keywords: Electrocardiogram (ECG), T-wave, Transient, Symmetric distance,
Wavelet transform.

Introduction

Electrocardiogram (ECG) signal is the recording of electrical activity of the heart
over time [1]. An ECG signal is characterized by some components, called the P,
QRS, and T-wave [1]. The shape, duration, and amplitude of each wave, as well as the
relative time distances between waves contain significant information about the
condition of the subject’s heart. The P-wave represents the atrial depolarization. QRS
wave is related to depolarization of ventricles, and the T-wave is related to
repolarization of ventricles. Therefore, the detection of the waves is a significant step
in automatic ECG analysis.
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Numerous methods have been developed to detect waves in ECG [2, 3]. The
detection of P and T-waves are more challenging compared to the detection of QRS
wave, due to their weak amplitude and shape variation. Therefore, the detection of
QRS-wave location is often being used as a starting point to detect P and T-waves.
Several approaches have been used in P and T-waves detection. The existing
approaches used filtering, pattern recognition, and basis expansion such as Fourier
transform, discrete cosine transform and wavelet transform [4, 5, 6].

This paper reports another approach to identify T-wave in ECG signal by using a
new parameter, called symmetric distance coefficient (SDC) developed by the author
[7]. The parameter, SDC, measures symmetric pattern in wavelet coefficients. The
location of symmetric pattern indicates the location of transients with a shape similar
to the wavelet function being used. By using a proper wavelet function with a shape
similar to T-wave, SDC can be used to detect the existence of transients in ECG
signal such as the T-wave. Section 1 introduces the issues related to shape similarity
in wavelet transform, while Section 2 describes the mathematical definition of SDC.
Section 3 and 4 explain the method and the experiments, conducted to identify T-
wave in ECG. The last section concluded the paper.

Shape Similarity in Wavelet Transform

Wavelet transform (WT) of a signal f e L%(R) is defined as a correlation between
the signal and a wavelet function ys o0[8, 9]. The wavelet function, s o, is a dilated
and translated version of a mother wavelet, v, by scale, s, and time-shift, o.

WE (s,0) =< f .y, >=Tf(t)\1f
S

The magnitude of wavelet coefficient, |Wf(s,o0)|, indicates the strength of
correlation between the wavelet function, s o, and transient in the analyzed signal, f,
around t = o. It indicates how well the properties of wavelet function and the
properties of the transient correlate to each other. Some considered wavelet function
properties are time and frequency support, regularity, vanishing moment,
orthogonality, and symmetry [8, 9]. The properties of wavelet function and transient
are always correlated if their shapes are similar.

Shape similarity between a wavelet function and a transient can be observed on
the symmetric pattern of wavelet coefficients around the transient’s centroid, t =
t.[10]. This method is based on the argument that correlation function of two similar
shape functions is always symmetric (even-symmetric).

Suppose f(t) is a signal with only one transient at t = t; that has a shape similar to
a wavelet function, s o(t). The transient is compactly supported within a time support
of [tc-ts, tc+ts]. The signal can be expressed as:

=1, 0 =[5 2)

The wavelet coefficient at o = t. calculated using a wavelet function ys o'is

v T (1)
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WE (s,t,) = Tf(t)\/lgy/(t_stcjdt - j F () f (1)t 3)

—o0

The coefficients in the neighborhood of o = ¢ are even-symmetric,

+00

[fOft-r)dt=[f@O)f(t+7)dt (4)
because the integration in (3) are for the whole duration of time and f(t) is compactly
supported.

The above equations prove that wavelet coefficients in the neighborhood of t=t.
are always even symmetric if the wavelet transform is calculated using a wavelet
function that is similar in shape to the transient in the analyzed signal. In other words,
symmetric pattern in wavelet coefficients around t = t;, indicates the existence of a
transient (such as T-wave) at t = tc.

Symmetric Distance Coefficient

It is impossible to find a wavelet function that is similar to any transients in input
signal. For example, there is no wavelet function with a shape similar to T-wave in
any ECG signal. One can only find a wavelet function that is nearly similar. This
wavelet function will produce nearly even-symmetric wavelet coefficients. Symmetric
Distance Coefficient (SDC) was developed to measure symmetric pattern in wavelet
coefficients in gradual levels. The parameter opens the possibility to measure shape
similarity in gradual levels.

SDC is defined as the ratio of energy difference between left and right sides of a
function around its center t = t; to the total energy of the function within the same
time support oft= [tc-ts, tc+tg].

[(ft, —r)- 1t + )P
SDC(t, t,) =1

()

t

j f2(t, —7)dr
—tg

The range of SDC is [-1, 1] with 1 represents even-symmetry, -1 represents odd-
symmetry, and the center point, 0, represents asymmetry.

SDC is independent to input signal amplification. This property of SDC makes it
able to detect the existence of weak and strong transients with the same level of
accuracy. This advantage may create problem if the input signal contains unexpected
small ripples.

To avoid measuring SDC of unwanted small transients, a threshold level, th, is
added to the equation to ignore transients with energy less than the threshold level.

SDOL.L) i [ 7t ~r)dr>th
SDG, (t, . th) :{ b (6)

0 else
Figure 1 illustrates SDC of transient with various conditions of symmetry.
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ity

a)

SDG(,0.26,0.1)

=

t=)

Figure 1. a) A signal with even-symmetric transient at t=0.75 s, nearly even-

symmetric transient at t=1.75 s, odd-symmetric transient at t=2.75 s, nearly odd-
symmetric transient at t=3.75 s, and an asymmetric transient at t=4.75 s. b) The

SDCix(1,0.25,0.1) of the signal. The SDC of the transients are marked with “o’.

Transient Identification using SDC

The procedures to identify the existence and time location of specific transient in

a signal using SDC are as follows:

1.

2.

Select a wavelet function, ys o, that has the most similar shape to the interested
transient.

Apply WT to the signal, f(t), using the selected wavelet function, ys o, to the
whole time duration of f(t). The output of this process is wavelet coefficients
Wi(s,0).

Calculate SDCi(t;, ts, th) of wavelet coefficient, Wf(s,0). The time support
parameter, ts, should be half of the selected wavelet function’s time support or half
of the interested transient’s time support. Use an appropriate threshold, th, to
ignore small ripples in wavelet coefficients.

Locate local maxima in SDCu(t;, ts, th). The local maxima indicate the time
location of interested transients. The closer the value of SDCi(te, ts, th) to 1, the
closer the shape of the transient to the selected wavelet function.

Experiment Results and Discussion

The procedures to identify transient using SDC were implemented in identifying

the existence and time location of T-wave in ECG signals. The purpose of these
experiments was to demonstrate the ability of SDC to identify T-wave. The ECG
signal, downloaded from MIT-BIH PhysioBank database record aami3a.dat (AAMI-
EC13) [11] was used for this experiment. The signal was re-sampled with a sampling
rate of 360 Hz.
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On the first step, an experiment was conducted to find the most suitable wavelet
function for T-wave detection. Wavelet coefficients of the ECG signal were
calculated using five wavelet functions (Db2,Db3, Db4, Gaus2, and Mexh) at scale 1
to 56. The selection of wavelet functions was based on their significant results when
being used in the experiments. The SDC calculation was then applied to all wavelet
coefficients. The SDC at the location of T-waves were recorded as shown in Fig. 2.
The result showed that Db2 wavelet at scale 28,29, and 30 (shown in Fig. 3) were the
most suitable for T-waves.

SDC of T-wave

—b2

02+ Gaus2 |
mexh
01 - db3 |
dbd
I | | | L

1} 10 20 30 40 50 60
Scale of Wavelets

Ve

Figure 2. The SDC of T-waves calculated on wavelet coefficients using Db2,Db3,
Db4, Gaus2, and Mexh at scale 1 to 56. Db2 at scale 28, 29, 30 gave the highest SDC.

. . . . .
0.2 -01 [ i¥ 0.2 0.z
s

Figure 3. The Daubechies wavelet Db2 at scale 28.

The Db2 wavelet functions at scale 28 to 31 were selected in the process to
identify T-wave. The second step was to apply wavelet transform to the ECG signal.
The SDC(t,0.156,0.1) calculation was then applied to the resulting wavelet
coefficients of ECG signal as shown in Fig. 4a and b. The SDCs at the location of T-
wave were close to 1, which indicates the existence of T-wave. The local maxima in
SDC(t,0.156,0.1) with amplitude of more than 0.85 were recorded as the location of
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T-wave, as shown in Fig. 4c. The result suggested that SCD could be used to identify
T-wave in ECG signal if the procedure was implemented using db2 wavelet at scale

28.

2
ECGI)

2]

SDC0A56,0.1)
LN =

4

Figure 4. The SDC identification of T-wave using Daubechies wavelet Db2 at

scale28.

The same procedure was repeated using Daubechies wavelet Db2 at scale 27, 28,
29, 30, and 31 to the whole duration of the ECG signal. The identification accuracy of
the procedure was recorded as presented in Table 1. The table shows that SDC could
identify T-wave when calculated using Db2 at scale 28 with an accuracy of 100%.

Table 1. Identification Accuracy

denification - Tawave \ SEEY RS Rejood  Accuracy
(TP) (FP) (EN)

SD%S scale u238ing 40 40 0 0 0%

SD%S scale uzs;ng 40 39 1 0 or%

%ﬁg scale u330ing 40 3 . ’ o

%gg scale u331ing 40 37 3 0 o

To investigate the quality of the SDC identification procedure, time difference
between the center of T-wave and the identified point were recorded. Table 2

presented the time difference of each identification method.

Table 2: Identification Time Accuracy
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R Average Time Maximum Time

|dentification Method Difference (ms) Difference (ms)
SDC using Db2 scale 27 4.3 7.9
SDC using Db2 scale 28 6.3 10.7
SDC using Db2 scale 29 8.1 41.1
SDC using Db2 scale 30 11.1 38.4
SDC using Db2 scale 31 11.8 38.4

The average time differences between SDC identification and the exact location
of T-wave were between 4.3ms to 11.8ms. The average time difference of Db2 at
scale 28 was 6.3ms or equivalent to 20.2% of T-wave time support. The maximum
time difference of Db2 at scale 28 was 10.7ms or equivalent to 34.3% of T-wave time
support. The results indicate the efficacy of SDC to identify T-wave in ECG signal.

Conclusion

This paper introduces a new parameter called ‘symmetric distance coefficient’
(SDC) and the procedure to use SDC to identify transient in a signal. It is based on the
fact that wavelet transform of a transient that has the same shape, as a wavelet
function is always symmetric. The experiments reported in this paper demonstrate the
ability of SDC to identify T-wave in ECG signals. SDC calculated using Db2 wavelet
function at scale 28 could accurately identify all T-waves in the investigated ECG
signal. The identification accuracies were ranging between 90% and 100%. The
quality of SDC identification procedure was measured by the time shift of the
identified points. The time shift is within an acceptable range of 6.3ms to 10.7ms. The
whole procedure can also be used in the identification of other transients in ECG
signals.
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