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Abstract
The principles of modeling the electrocardiogram signals are considered. ECG interpolation model is given both for normal
cardiac rhythm and for such abnormalities and pathological conditions as sinus arrhythmia, atrial, atrioventricular and
ventricular extrasystole, idioventricular rhythm, fibrillation and flutter of ventricles and atriums. The models take into
account noises and interference, as well as the isoline drifts.
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1. Introduction

Electrocardiogram (ECG) is a graphic representation of
difference of potentials, occurring as a result of cardiac
function and transferring to the surface of the body.
In ECG the averaging of all action potential vectors is
reflected, occurring at a definite moment of the heart
functioning1. Due to the fact that the cardiography data
can be obtained easily and due to the high diagnosis value
of those data this investigation method has acquired
wide-spread acceptance. In this regard the tasks of
processing and studying electrocardiograms and the
tasks of automated diagnostics are quite urgent. To solve
those issues the models, such as artificial ECGs, are
required both for normal cardiac rhythm and for different
pathological conditions.
As a rule, in an ECG five waves can be identified:
P, Q, R, S, T. Sometimes, a barely visible wave U can
be observed. Wave P reflects the process of the atrial
myocardium excitation, complex QRS depicts the
ventricular systole, segment ST and wave T reflect the
processes of the ventricular myocardium repolarization.
The repolarization process is the phase when the initial
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resting potential of the cell membrane is restored after the
action potential passed though it.

Figure 1. ECG schematic.
The schematic of ECG is shown in Figure 1. All kinks,
segments and intervals with their approximate durations
are shown for a healthy person2. The height of the kinks
depends on the instrument applied for the measurements,
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as well as on the derivation of the investigated signal. In
this study the ECG from the database “Archive of digital
recordings of physiologic signals and related data” is
considered3. The majority of the ECGs, given there,
contain derivation II signal (according to Goldberger
system). In database “Archive of digital recordings of
physiologic signals and related data” it is designated as
ECG1.

2. Basic ECG Model with no
pathological Conditions

left and in the right atriums separately. The asymmetry
of kink Т is also modeled by summing up two additive
components (T1 and T2) from the sum of formula (1).
In Figure 2 a theoretical ECG is shown, computed based
on the formulae, given above, and compared with record No.
16773 “MIT-BIH Normal Sinus Rhythm Database” from the
database “Archive of digital recordings of physiologic signals
and related data”. In this Figure, as well as in all following
figures, time in ms is indicated along horizontal axis, and the
voltage in mV is shown along vertical axis.
The following relative values have been used for
creating the basic cycle of the model:

Consider the basic model, similar to that of4. It is formed
according to template z(t), which is described by the sum
of symmetric Gaussian functions.

Ai = [0.030, 0.03, -0.05, 0.88, -0.12, 0.07, 0.18];
bi = [0.040, 0.04, 0.010, 0.025, 0.01, 0.10, 0.06];
mui = [0.06, 0.07, 0.27, 0.35, 0.42, 0.70, 0.82];
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Figure 2. Basic cycle of normal ECG model.
Comparing the model basic cycle with cycle record
No. 16272.
In our case wave Р is represented as the sum of two
Gaussian functions, in order to model the processes in the

Parameters Ai are given in relation to the difference in
heights of R and S waves. This difference can be calculated
as a difference between the maximum and the minimum
values of voltage within one cycle. Parameters bi and mui
are given in relation to general duration of excitation.
According to Figure 1, under normal condition it can
equal to 0.53–0.64 s.
The model takes into account the changes in RR
interval duration. They are assumed to be normally
distributed. Their mathematical expectation corresponds
to cardiac rate CR = 60 1/min (average period RR =
1000 ms), RMSD (root-mean-square deviation) = 20 ms.
Sampling frequency is 500 Hz. The modeled signal is
affected by noise, distributed according to normal law
with parameters (m = 0 mV, s = 0.02 mV).
In addition, the isoline drift is also accounted for.
isoline is assumed to be changing according to sinusoidal
law with frequency of 15 1/min (breath frequency) and
amplitude of 0.12 mV. The model was created in MatLab
software. ECG model graph for normal sinus rhythm is
shown in Figure 4. In this, as well as in the following graphs

Figure 3. The normal sinus rhythm. ECG of a male aged 26
2
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Figure 4. Modeling the normal sinus rhythm. ECG of a male aged 26.

Figure 4. ECG normalized wavelet shape for different pathological conditions.
(a) No pathology ECG. (b) Atrioventricular extrasystole. (c) Atrioventricular extrasystole (the source of extrasystolic
contraction is in the centre of AV-node); atrial extrasystole. (d) Upper. (e) Middle. (f) Lower atrial. (g) Ventricular
extrasystole. (h) Atrioventricular rhythm. (i) Idioventricular rhythm. (j) Atrial flutter. (k) Ventricular fibrillation
wavelets.
Vol 8 (S10) | December 2015 | www.indjst.org

Indian Journal of Science and Technology

3

Developing Electrocardiogram Mathematical Model for Cardiovascular Pathological Conditions and Cardiac Arrhythmia

of artificial ECGs (Figures 6, 7, 8) time in milliseconds is
indicated along horizontal axis and potential in millivolts
is indicated along the vertical axis.

3. A
 rrhythmia and Cardiovascular
Pathologic Conditions
Consider the principles of creating ECG model for
different pathologic conditions.
Sinus arrhythmia is characterized by the fact that, so far
as the excitation takes place in the sinus node, the general
shape of all waves and their durations remain the same as
they were in the basic model. Only the pulse repetition
period will change. In sinus tachycardia the repetition

period decreases, and in bradycardia it increases. In sinus
arrhythmia the period will be changing considerably.
This can be modeled by increasing the root-mean-square
deviation of the period.
Such heart rhythm disorder as extrasystole is
observed when in different sections of the heart the
focus of pathological, out-of-phase contractions occur,
which take place at the background of the usual, “correct”
contractions. The shape of the wave of extrasystole
contraction depends on where the focus is situated.
Consider the peculiar features of modeling the kink
shapes in the graphs of normalized functions.
The shape of normalized impulse is set by numeric
values of quotients Ai, bi and mi. In Figure 5 the basic,

Figure 6. Extrasystole ECG model. (a) Lower atrial extrasystole. (b) Ventricular extrasystole. (c)
Atrioventricular extrasystole.

4
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normalized graphs of heart contractions with different
types of pathological conditions are shown. The coordinate
axes are non-dimensional.
ECG model in extrasystole functions as follows.
Before forming each of the impulses, it is determined,
with specified probability, what type the next contraction
will be: normal as shown in Figure 5(a) or extrasystolic as
shown in Figure 5(b)-(d). In case of normal contraction
the excitation is shifted in time towards the end of the
period, and in case of extrasystolic contraction there is
no such shift. Thus, the fact is modeled, that extrasystolic,
out-of-phase, contraction occurs earlier than the normal
one.
Such pathological conditions as atrioventicular,

ventricular (idioventricular) and atrial types of
tachycardia occur due to the fact that in a relevant section
of the heart the ectopic focus appears, where the feedback
connection is closed and the high frequency impulses
generation starts. This focus undertakes the full function
of the cardiac pacemaker. In modeling such ECG all
contractions are transfigured according to Figure 5(f), (h),
(i). The period is selected according to the preset value of
Cardiac Rate (CR) for the relevant pathological condition
(as a rule, 120-150 1/min). If the obtained period is
less than the time of excitation, then the functions in
the model are superimposed on one another by simple
summarizing. The models, built in such a way, are shown
in Figure 7.

Figure 7. Models. (a) Atrioventricular rhythm. (b) Idioventricular rhythm. (c) Atrial rhythm.
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The shape of contraction in atrioventricular
tachycardia is shown in Figure 5(е). Complex QRS is not
changed, wave Р is missing. In atrial tachycardia kink Р is
transfigured, it is superimposed on wave Т. In ventricular
tachycardia complex QRS is transfigured considerably, its
shape is shown in Figure 5(i). It was obtained based on
graphic data of5
The models of atrial and ventricular fibrillations and
flutter are shown in Figure 8. Atrial flutter is characterized
by the fact that QRS complex occurs at the background
of so-called flutter waves, which represent a transfigured
kink Р, repeated with very high frequency 220-250 1/min,

6
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which is associated with the presence of the self-excitation
ectopic focus in atrium. As far as the heart can not contract
with such high frequency, QRS complex follows with
lower frequency, but, nevertheless, periodically shown in
Figure 8(a).
In atrial fibrillation several self-excitation focus occur
with their own frequency. Therefore, the periodicity of
such ECG will be disturbed much more considerably as
in Figure 8(b). In this case QRS complex occurs at the
background of fibrillation waves, which shape is shown in
Figure 5(k), and which are superimposed on one another
at random. In modeling ventricular flutter and fibrillations
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Figure 8. Models. (a) Atrial flutter. (b) Atrial fibrillation. (c) Ventricular flutter. (d)
Ventricular fibrillation.
the basic shape was used Figure 5(g). Ventricular flutter
is associated with the presence of one self-excitation
focus in the ventricle, therefore, ECG signal is periodic
as shown in Figure 8(c), but fibrillation is associated with
the presence of several loci, therefore, the signal is chaotic
to such a degree as shown in Figure 8(d), that it is hard to
trace any periodicity at all. For the purposes of modeling,
the period, corresponding to cardiac rate of CR = 240 1/
min, was selected, RMSD of the period was assumed to be
equal to 1/3 of the period.

4. Conclusion
The models, described above, can be used in
developing the algorithms for automated analysis of
the electrocardiography results and for establishing the
preliminary diagnosis.
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