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Some electrocardiograms, e.g. electrocardiograms recorded in patients with atrial fibrillation,
myocardial infarction, or receiving some medications, contain waves of small amplitude. De-
spite low amplitude, these waves can significantly affect correct identification of the pathologi-
cal process and diagnosis. The approach proposed by us allows studying these small waves
using the wavelet analysis by constructing the corresponding wavelet image of ECG using
special software. Two examples of construction of wavelet images of ECG in atrial fibrillation
and myocardial infarction are presented.
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Some ECG, e.g. ECG recorded in atrial fibrillation,
myocardial infarction, or during treatment with some
medications, contain waves of small amplitude. De-
spite their low amplitude, these waves can significant-
ly affect correct identification of the analyzed process
and diagnosis [1,4]. Let us see how these waves in
ECG can be analyzed by wavelet analysis used for
profound understanding of various processes [2,3].

Brief characteristics
of wavelet analysis

To analyze local changes in the signal, we use
wavelet described by the function:

O@biy=Vo{[| 5] Axexpl-05 (E] ]} )

In function (1), parameter a determines wave-
let width. Wavelet is moved along the time axis ¢ by
changing parameter b, which enables correlation anal-
ysis of ECG @(¢). Correlation function of this process
is described by an integral equation:

R(ab, t):qun(ak,bk,t)x(t)dt. ()
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The scheme of integration algorithm is presented
in Figure 1. A computer program created using this
algorithm allows us to perform necessary calculations
and reveal small waves in the diagram ®(¢). The calcu-
lations are performed within two cycles with discrete
changes in parameter a of the wavelet (cycle 1) and
parameter b setting wavelet movement along the time
axis ¢ (cycle 2). Doing these calculations, we deter-
mine the optimal a-b combination corresponding to
the maximum of the correlation function. This should
simplify the diagnosis.

The program created using the algorithm (Fig.
1) in Mathad environment and allowing creating the
wavelet image of the studied process is presented in
Figure 2.

Two examples of wavelet images
of ECG

We present two examples of creating wavelet im-
ages of ECG with waves of low amplitude using the
developed program (Fig. 2).

Example 1. A fragment of ECG with small waves
recorded during atrial fibrillation and its wavelet im-
age are presented [4] (Fig. 3, a).

Example 2. A fragment of ECG with small waves
recorded during myocardial infarction (Fig. 3, b) and
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Fig. 1. Scheme of the algorithm for calculating the integral (2). 4202
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Fig. 2. Software allowing to create wavelet pattern R, 2

of the study process. V(a,b,t) is a function describ- 8 “

ing the wavelet; a and b are wavelet parameters; t is I

normalized time; ®(t) is the function describing ECG; -14

j is the number of cycles of changes in parameter a; 20 I

k is the number of cycles of changes in parameter b; 0 20 40 60 80 100 120 140 160 180 200

R, is wavelet image. k



W. I. Kaganov 709

30
20

®0 10
0 A A A i

100710 20 30 40 50 60 70 80 90 100 110 120 130 140 150
t

30 |
20 |
Rk 10
0 /A i | ‘W___A\

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
k

2]

30
15\

@M 0
-15
-30 '

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
t

R
i |

-30

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
k

Fig. 3. Fragments of ECG recorded in artrial fibrillation (a) and myocardial infarction (b).
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